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Letter of Transmittal 


December 10, 1975 
My Dear Mr. President: 


I have the honor of transmitting to you, and through you to the 
Congress, the Seventh Annual Report of the National Science Board. 
The Report is submitted in accordance with Section 4(g) of the National 
Science Foundation Act of 1950, as amended. 


In this Report, Science Indicators— 1974, the Board presents the second 
step in the process begun with Science Indicators—1972 of developing 
indicators of the state of science in the United States. Our goal is a 
periodical series of indices of the strengths and weaknesses of science 
and technology in the United States and the changing character of that 
activity. We hope that by contributing to the understanding of science 
itself we will strengthen its forward thrust, illuminate its significance, 
and assist in the examination of its problems. 


The indicators in this Report deal primarily with resources—human 
and financial—for research and development. Progress has been made in 
developing measures of the outcomes or impacts of research and 
development and the contributions made thereby to the welfare of the 
Nation. We are continuing as a high priority our study of indicators of 
the characteristics of science and technology and will describe our 
progress in successive Science Indicator reports. 


Respectfully yours, 


4 


Norman Hackerman 
Chairman, National Science Board 


The Honorable 
The President of the United States 
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Introduction 


The National Science Board is charged by the 
Congress with providing an annual report of the 
status of science in the United States.1 In this, its 
seventh report, the Board continues the 
development of a series of indicators assessing 
the condition of the Nation’s scientific endeavor. 
These indicators are intended to measure and to 
reflect U.S.  science—to demonstrate its 
strengths and weaknesses and to follow its 
changing character. 


Indicators such as these, updated regularly, 
can provide early warnings of events and trends 
which might impair the capability of science— 
and its related technology—to meet the needs of 
the Nation. The indicators can also assist those 
who set priorities for the enterprise, allocate 
resources for its functions, and guide it toward 
change and new opportunities. In these ways, 
communication about the issues of science is 
facilitated and considerations of new areas of 
public policy can be explored. 


The internal characteristics of science provide 
the most readily available data for indicators, 
including the human and financial resources 
involved, the education of research scientists, 
changes in the institutional structures which 
support research and development, advances in 
the fundamental understanding of science and 
the transfer of technology. Of equal importance 
are measures of the external impact of science, 
often called “output indicators”. These in- 
dicators are difficult to devise because the 
translation of science into technology and the 
genesis of science in technological advances are 
both deeply embedded among complex economic 
and social variables. In addition, many of the 
applications of science are not immediately 
realized, occurring long after and often appear- 
ing unrelated to their origins in research. 
However, the present report represents an 
advancement in the development of indicators of 
the outputs of the research and development 
enterprise. 


The establishment of acomprehensive system 
of science indicators involves the investigation 
of potential indices, expansion of the underlying 


1 Section 4(g) of the National Science Foundation Act as 
amended by Public Law 90-407. 

2 Science Indicators— 1972, National Science Board (NSB 73- 
1) 


data base, improvement of methods for measur- 
ing the impacts of science and technology, 
development of analytic approaches for inter- 
preting the measures, and demonstration of 
their utility across several audiences. 


The effort to develop a system of effective 
indicators should be regarded as a long-term 
process. A central concept of the effort is, 
therefore, an evolving set of indicators derived 
from continuing exploration, testing, and 
design. The set will be evaluated, expanded, 
refined, and updated regularly as new data 
become available, as our understanding of their 
nature improves, and as the science enterprise 
itself changes. 


Quantitative indicators are not a substitute 
for the experience and judgment of the scientific 
community. Indices, at their best, can only serve 
as supplements. The interpretation of indicators 
themselves—what they mean for the present 
and the future of the enterprise—requires the 
participation of the scientific community. 


The Report 


Indicators in this report include measures of 
basic research activity and industrial R&D, 
indices of scientific and engineering personnel 
and _ institutional capabilities, indicators of 
productivity and the U.S. balance of trade in 
high-technology products, and other aspects of 
the Nation’s science and engineering activities. 


Compared to the first Science Indicators 
report of the National Science Board,? the 
present report contains substantially more 
indicators, expanded to fill some of the major 
gaps and reorganized to present a more current 
and integrated coverage of science and related 
technology. A new chapter discusses industrial 
R&D in the United States, and includes the 
results of a survey on the innovative process. 
Additions to other portions of the report provide 
new information on the role of basic science in 
advancing technology, international aspects of 
technological innovation, and changing attitudes 
of the public toward science. 


These indicators of the scientific enterprise 
are presented in six chapters, generally with a 
time span beginning in the early 1960’s and 


vil 


extending through 1974 where possible. Data 
which appeared in Science Indicators—1972 for 
earlier years are repeated here to encourage 
longitudinal comparisons and to make it un- 
necessary to refer to the previous report. Most 
of the indicators are presented in graphical form 
and are numbered to correspond with the 
numerical data tables in the Appendix. Each of 
the chapters is introduced by an “Indicator 
Highlights” section which briefly summarizes 
the major indices of that chapter. It should be 
noted that these highlights often omit important 
caveats and discussion contained in the text 
itself. The original data sources, many of which 
are publications of the Division of Science 
Resources Studies, National Science Founda- 
tion, are indicated throughout the report. Staff 


Vill 


of the Division also took part in the development 
of charts and text. 


The challenge faced in creating and using 
indicators of complex social systems such as 
science and technology is substantial, and the 
present efforts to assess U.S. science are still 
only in the early stages of maturity. Apprecia- 
tion is due to the Social Science Research Council 
which, with NSF support, convened a seminar in 
1974 on science indicators and which has 
recently established a Subcommittee on Science 
Indicators. The reports to follow in this series 
will aim to sharpen concepts, refine their 
treatment, and seek new measures of the state of 
science. It is hoped that all those interested in 
science indicators will participate in the search. 


International Indicators 


of Science and Technology 


International Indicators 
of Science and Technology 


INDICATOR HIGHLIGHTS 


o The proportion of the Gross National 
Product (GNP) spent for R&D has declined 
steadily over the last decade in the United 
States, while growing substantially in the 
U.S.S.R., West Germany, and Japan; in 1973, 
the fraction of GNP directed to R&D was 2.4 
percent in the United States, compared with 
3.1 percent for the U.S.S.R., 2.4 percent for 
West Germany, and 1.9 percent for Japan.! 


o The number of scientists and engineers 
engaged in R&D per 10,000 population 
declined in the United States after 1969 but 
continued to grow in all other countries 
studied; by 1973, this number was 25 per 
10,000 for the United States, 18 for West 
Germany, 19 for Japan (1971), and 37 for the 
U.S.S.R.1 


ao All major R&D-performing countries re- 
duced their proportion of government R&D 
expenditures for national defense between 
1961 and the early 1970's, while either 
maintaining or expanding expenditures for 
the advancement of science and economic 
development; the United States had the 
largest fraction of expenditures for national 
defense and the smallest for the latter two 
areas throughout the period. (Data for the 
U.S.S.R. are not available). 


o The United States was the largest producer 
of the scientific literature sampled 
throughout the 1965-73 period in all fields 
except chemistry and mathematics, where 
its share was second to that of the U.S.S.R.; 
in recent years, however, U.S. research 
publications in the fields of chemistry, 
engineering, and physics have declined 
slightly in both absolute and relative terms. 


1 Data regarding the U.S.S.R. should be treated as gross 
estimates; limited information and differences in basic 
definitions make international comparisons involving the 
U.S.S.R. particularly tenuous. (See the following text for 
discussion of this point). 


Citation indices of U.S. scientific research 
equal or exceed those of other major 
research-performing countries based on a 
large sample of the 1973 literature; the 
United States ranked highest in the fields of 
chemistry and physics. 


U.S. scientists have received a larger overall 
number of Nobel Prizes in the sciences 
(physics, chemistry, and _ physiology- 
medicine) than any other country; awards to 
U.S. scientists, however, declined after the 
1951-60 decade, primarily as the result of 
fewer prizes for research in physics. 


The United States had a favorable but 
declining “patent balance” between 1966 and 
1973; the decline of 30 percent was due 
primarily to increases in the number of 
patents awarded by the United States to 
Japan and West Germany, and to decreases 
in patents granted to the United States by 
Canada and the United Kingdom. 


A majority of a sample of major 
technological innovations of the past twenty 
years were produced by the United States; 
the proportion of innovations of U.S. origin, 
however, declined from a high of 80 percent 
in the late 1950’s to some 55-60 percent since 
the mid-1960’s, while other countries— 
particularly Japan and West Germany— 
increased their shares. 


The United States had an increasingly 
positive balance of payments from the sale of 
technical “know-how” (patents, licenses and 
manufacturing rights) over the 1960-73 
period, with four to five times more 
technical “know-how” sold to other nations 
than purchased from them; the rising net 
receipts to the United States were due 
largely to purchases by Japan after the mid- 
1960's. 


The level of U.S. productivity (Gross 
Domestic Product per employed civilian) 


exceeded that of the other major R&D- 
performing nations between 1960-74, 
although gains in productivity were larger in 
the latter countries; by 1974, the productivi- 
ty of France and West Germany was some 
75-80 percent of the U.S. level, while Japan, 
with the largest gains in productivity, 
reached a level which was approximately 55 
percent as high as U.S. productivity. 


o The United States has a large, favorable 
balance of trade in commodities produced by 
R&D-intensive industries, in contrast to the 
increasingly negative balance in non-R&D- 


This chapter presents indicators of science and 
technology in an international context. The 
focus is on the United States and how it 
compares with other major developed nations in 
several aspects of science and technology. 


The indicators are directed primarily to four 
general aspects. The first of these relates to the 
absolute and relative levels of national resources 
utilized for research and development (R&D); 
this includes both human and_ financial 
resources, as well as the areas of application to 
which the R&D is aimed. The second topic 
centers around scientific research; the indicators 
here deal principally with the quantity and 
quality of scientific research in individual 
countries and the international dimensions of 
science. The third facet concerns the output 
from applied R&D and technological efforts; 
indices in this group include trends in invention 
and innovation, and international transactions 
in technology. Finally, the fourth aspect deals 
with productivity, economic competitiveness, 
and international trade; indicators in this area 
provide measures of the level and change in the 
productivity of nations and of the role of R&Din 
the U.S. trade balance. 


International indicators of science and 
technology suffer from several general deficien- 
cies. There is usually a paucity of data; the 
reliability of the data which are available is often 
unknown or less than desired; and information is 
frequently based upon concepts and methods 
which may differ substantially among countries. 
These place restrictions on both the aspects of 
science and technology which can be measured 
and the accuracy of the measurements 


intensive products; the 1974 balance in 
R&D-intensive products was large enough 
to offset petroleum imports for the same 
year. 


o The favorable U.S. trade balance in R&D- 
intensive products depends primarily upon 
exports to developing nations and to 
Western Europe; a deficit balance developed 
with Japan in the mid-1960’s and continued 
through 1973, due largely to imports in the 
areas of electrical machinery, professional 
and scientific instruments, and nonelectrical 
machinery. 


themselves. For these reasons, the indicators 
and international comparisons presented in this 
chapter should be interpreted with considerable 
caution. 


RESOURCES FOR R&D 


The international comparisons presented here 
are based upon indicators of the human and 
financial resources directed to R&D by the major 
R&D-performing countries. These indicators 
are limited to measures of the magnitude of the 
national resources for R&D, and the general 
areas to which they are directed (e.g., defense, 
space, and health). 


Expenditures for R&D 


R&D expenditures as percentages of the 
Gross National Product (GNP) are shown in 
figure 1-1 for the six countries with the largest 
R&D expenditures.2 This indicator expresses 
the proportion of a country’s economic output 
which is directed to R&D and is a measure of the 
R&D intensiveness of a nation.3 But because of 
differences among countries in the composition, 


2 Expenditures reported for the U.S. and the U.S.S.R. are 


for the performance of R&D alone, while those for other 
countries include associated capital expenditures. 

3 For the classification of various countries according to 
their R&D intensiveness, see “A Comparative Study of 
Science Advisory Approaches of Selected Developed Coun- 
tries” in Federal Policy, Plans, and Organization for Science and 
Technology, Part II, U.S. Congress, House Committee on 
Science and Astronautics, 93rd Congress, 2nd Session, 1974. 


Figure 1-1 

R&D Expenditures as a Percent 
of Gross National Product (GNP), 
by Country, 1961-74 
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SOURCE: Organisation for Economic Co-operation and Development; indi- 
vidual country sources; U.S.S.R, estimates by Robert W. Campbell, 
Indiana University 


cost, and effectiveness of R&D—as well as 
inconsistencies in GNP accounting—the 
measure is relatively gross. Interpretations of 
the indicator, therefore, should focus on general 
trends rather than specific numerical values. 


The fraction of the GNP of the United States 
devoted to R&D has declined steadily over the 


last 10 years, falling nearly one-fourth from its 
peak level in 1964. The decline, as discussed 
elsewhere in this report,4 is due primarily to 
reduced growth of expenditures by the Federal 
Government for R&D in the defense and space 
areas; increases in R&D funds from all other 
sources combined kept pace with growth in the 
GNP. In the case of France, the only other 
country of those studied which showed a long- 
term decline in this indicator, the reduction 
appears to result largely froma slower growth in 
government R&D expenditures for national 
defense and nuclear energy. 


Both Japan and West Germany recorded 
substantial growth in the proportion of the GNP 
directed to R&D. Underlying their growth were 
continuous large increases in R&D funding from 
both industry and government. Total R&D 
expenditures by Japan increased at an average 
annual rate of 21 percent between 1963 and 
1973, and those of West Germany by 15 percent, 
as compared with 6 percent for the United 
States. More recently, annual increases between 
1969-73 averaged 24 percent for Japan, 16 
percent for West Germany, and 4 percent for the 
United States. While industry is the prime 
source of R&D funds in Japan and West 
Germany, funds provided by the government 
have grown relatively more than those from 
industry. Government funds for R&D in these 
two countries are concentrated on advancement 
of science and, to a lesser extent, on general 
economic growth and nuclear energy.® 


For the U.S.S.R. this indicator is based upon 
limited information and should be regarded only 
as an estimate. The general upward trend in the 
proportion of the GNP devoted to R&D is 
believed to be valid, although the specific 
numerical values may differ significantly from 
the true values. Possible differences in the 
variety of activities regarded as R&D, as well as 
differences in GNP accounting, make inter- 
national comparisons involving the U.S.S.R. 
particularly hazardous. 


R&D Personnel 


The human resources involved in R&D 
provide another comparison of the magnitude of 


national R&D efforts. The number of scientists 


4 See the chapter in this report entitled “Resources for 
R&D”. 

5 Information on the distribution of government R&D 
expenditures among these and other areas is presented in a 
later section of this chapter. 


United States 


France 


and engineers in R&D per 10,000 population is 
shown in figure 1-2 for the United States, the 
U.S.S.R., Japan, West Germany, and France. 
(Data for the United Kingdom are not available.) 
This indicator should be treated only as an 
approximate measure of the level and intensity 
of R&D because it fails to account fully for 
certain factors, such as national variations in the 
designation of scientists and engineers and their 
productivity. 


The United States is the only major R&D- 
performing nation in which this indicator 
declined over the period studied.¢ For each of the 


© The U.S. decline is due in large part to decreases in the 
employment of scientists and engineers in space and defense- 
related R&D. See the “Industrial R&D and Innovation” 
chapter of this report for further details. 


other countries, the number of scientists and 
engineers engaged in R&D increased at a faster 
rate than the population. The United States is 
also unique among these nations in that a decline 
occurred in the number of scientists and 
engineers involved in R&D; this number fell 
from 558,000 in 1969 to 523,000 in 1973.” By 
comparison, the estimated number of such 
personnel in the U.S.S.R. increased from ap- 
proximately 700,000 in 1969 to more than 
900,000 in 1973. (See Appendix table 1-2.) 


Government-funded R&D 


Governments provide funds for R&D in a 
variety of areas such as national defense, space 
exploration, public health, and economic 
development. The distribution of funds among 
these areas indicates the relative emphases of 
the R&D programs of different countries. 


Government expenditures for R&D are 
classified by the Organisation for Economic Co- 
operation and Development (OECD) into the 
following categories: 


National Defense, encompassing all R&D 
directly related to military purposes, in- 
cluding space and nuclear energy activities 
of a military character; 


Space, including all civilian space R&D such as 
manned space flight programs and scientific 
investigations in space; 


Nuclear Energy, consisting of all civilian R&D 
primarily concerned with nuclear sciences 
and technology; 


Economic Development, which covers R&D ina 
wide range of fields including: agriculture, 
forestry, and fisheries; mining and manufac- 
turing; transportation, communications, 
construction, and utilities; 


Health, encompassing R&D in all of the 
medical sciences, and in health service 
management; 


Community Services, which includes R&D for 
such purposes as pollution control, educa- 
tion, social services, disaster prevention, 
planning and statistics; and 


Advancement of Science, consisting of funds for 
fundamental research in government and 
private laboratories, and for research and 
science instruction in universities. 


? For more current data, see the chapter in this report 
entitled “Resources for R&D”. 


Advancement 


Advancement 


Figure 1-3 
Distribution of Government R&D Expenditures among Areas by Country, 1961-73 
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The percentage of total government funds 
going to each of these areas is shown in figure 1- 
3.8 The United States differs principally from 
other nations in the relatively large percentage 
of R&D funds channeled to defense and space 
exploration (71 percent in 1971-72, the latest 
years for which such data are available for 
international comparisons), and the small 
percentages for the advancement of science and 
economic development.? In general, government 
R&D funds in other countries (except the United 
Kingdom) were concentrated in the latter two 
areas; this applied particularly to Japan and West 
Germany. 


Changes in the distribution of government- 
funded R&D over the 1961-71 period were 
similar for each country. Defense-related R&D 
decreased as a proportion of the total R&D 
expenditures, whereas the fraction for the 
advancement of science and economic develop- 
ment generally increased, as did the percentage 
for health and community services. Overall 
trends suggest a relative shift from military 
R&D to areas of domestic concern and the 
advancement of science. (The magnitude of 
R&D expenditures for national defense, how- 
ever, increased in absolute terms in all countries 
other than Japan.) 


Differences between countries in the distribu- 
tion of their R&D efforts arise from a variety of 
factors, such as the extent of a nation’s military 
commitments and variations in the roles of 
government and the private sector. The pattern 
of R&D expenditures shown in figure 1-3 is 
based upon funding by governments only and 
does not include the large expenditures by the 
private sector, due to the lack of comparable 
data. 


SCIENTIFIC RESEARCH 


This section presents indicators of the inter- 
national character of science and_ various 
measures of the magnitude and quality of 
scientific research in major nations. Indicators of 
magnitude are based upon the number of 
research publications from each nation in several 
fields of science. Quality indicators are 
developed from the international pattern of 
citations associated with these publications, as 


8 Data are not available for the U.S.S.R. 

° For current information on the distribution of U.S. 
Government expenditures for R&D, see the chapter in this 
report entitled “Resources for R&D” 


well as from the distribution of Nobel Prizes 
among nations and scientific fields. 


The internationalism of science 


Science by its very nature is international. The 
phenomena studied, the methods of investiga- 
tion, and the validity of research findings are 
independent of national boundaries. 
Researchers from all countries can contribute to 
the body of scientific knowledge, with con- 
tributions assessed on their scientific merit, not 
the country of their origin. 


The internationalism of science is based upon 
and fostered by a wide variety of formal and 
informal arrangements. Foremost among these 
are the publication of research findings in widely 
circulated journals and books, international 
meetings, joint research efforts, and informal 
correspondence among scientists. In addition to 
these, governments frequently sponsor inter- 
national travel for scientists to consult and 
collaborate on research, and enter into formal 
bilateral agreements for scientific cooperation 
and exchange among nations. The international 
scientific community is also served by the 
International Council of Scientific Unions, 
which encompasses an array of associations for 
the advancement of science and the exchange of 
information. Finally, the United Nations has 
created specialized scientific agencies nearly 
global in scope, which foster international 
cooperation in science and which in turn provide 
models for similar regional organizations. 


International scientific literature. The inter- 
national dimension of science may be seen in one 
of its more fundamental forms in the perfor- 
mance of research and the publication of its 
results. Current research builds upon the extant 
body of scientific knowledge, which is the 
combined product of researchers from. all 
countries. The dependence upon research per- 
formed in other nations is expressed, ap- 
proximately, by a large sample of the citations in 
published research reports to scientific literature 
of foreign origin. 


This indicator is shown in figure 1-4 for eight 
major fields of science and engineering, as well as 
for all the fields combined.!° The indicator is 
based upon data from the six major R&D- 
performing nations identified in previous sec- 


10 Indicators of the Quantity and Quality of the Scientific Literature, 
Computer Horizons, Inc., 1975 (A study commissioned 
specifically for this report). 


Figure 1-4 


Percent of the Citations in Scientific 
Literature’ Citing Countries Other 
than the Author’s Own Country, 
by Selected Fields,’ 1973 

Percent of foreign citations 
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1 Based on articles in 2,121 journals in the 1973 Science Citation Index 
from the U.S., United Kingdom, West Germany, France, U.S.S.R., and Japan. 
2 See Appendix table 7a for the description of fields. The social sciences 
are excluded because comparable data are not available. 


SOURCE: Computer Horizons, Inc. 


tions. The figure shows that almost 60 percent 
of all citations in the scientific literature of these 
countries, for the eight fields as a whole, were to 
research of foreign origin. 


Participation in international congresses. 
International meetings provide opportunities 
for scientists to exchange information and ideas 
through personal contact with foreign 
researchers. Among these are the international 
scientific congresses of those organizations 
constituting the International Council of Scien- 
tific Unions. 


The numbers of scientists from the United 
States and from other nations who have 
attended these congresses in recent years are 
shown in figure 1-5. Although the attendance of 
U.S. scientists has increased throughout the 
period, attendance of foreign scientists has 
grown even more rapidly. In the 1972-74 period, 
non-U.S. scientists represented 75 percent of all 
participants. (Peaks in the attendance patterns 
are due to the larger number of congresses held 
in certain years). 


Figure 1-5 

Participation in International Scientific 
Congresses by the United States 

and Other Countries, 1960-74 
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SOURCE: National Academy of Sciences. 


Scientific literature 


Research reports published in scientific and 
technical journals are one of the more direct 
outputs of scientific effort.1! Such reports add to 
the body of scientific knowledge and may 
stimulate further research. The findings of the 
research, in addition, may be used in a variety of 
practical applications, many of which are unan- 
ticipated at the time the research is done. 
Although the reports may vary considerably in 
their theoretical and practical importance, the 
critical review which usually precedes publica- 


11 For discussions of publications as measures of the 
output of science, see: G. Nigel Gilbert and Steve Woolgas, 
“The Quantitative Study of Science: An Examination of the 
Literature”, Science Studies Vol. 4 (1974), pp. 279-294; Henry 
Menard, Science: Growth and Change (Cambridge: Harvard 
University Press, 1971); and Derek J. deSolla Price, Little 
Science, Big Science (New York: Columbia University Press, 
1963). 


tion helps to ensure that the reports have some 
degree of scientific or technical significance. 


Indicators based on research reports, how- 
ever, have several limitations when used for 
international comparisons: the quantity of such 
reports may be influenced substantially by the 
journals selected for examination,'* by national 
customs regarding the publishing of research 
papers, by the availability of funds for preparing 
and printing papers, by journal refereeing and 
publishing policies, etc. These and _ other 
limitations provide good reason for caution in 
interpreting such indicators. 


The indicators presented in this section 
provide measures of: (1) the proportion of the 
world’s research literature in selected scientific 
areas produced by the United States and other 
major research-performing countries; (2) the 
distribution of research literature among fields 
of science in each country; and (3) the influence 
of the literature produced in each field by each 
country. 


National origins of scientific literature. 
Estimates of the literature produced by 
researchers in each country were based upon 
counts of articles, letters, and notes published in 
some 500 journals covered by the Science Citation 
Index (S.C.1.)13. over the period 1965-73, 
supplemented by data from various abstracting 
services.14 The journals included in the set were 
those which were most highly cited in the total 
1965 literature, regardless of field. The national 
origin of the literature was determined by the 
country of the first author of each scientific 
paper. The results are presented in figure 1-6.1° 


The United States produced a larger propor- 
tion of the 1973 scientific literature in this 
sample of 492 journals than any other country in 
these fields: physics, engineering, psychology, 
molecular biology, and systematic biology. In the 
fields of chemistry and mathematics, however, 


12 The representativeness of a journal set only ap- 
proximates the representativeness of the articles themselves 
because of the varying sizes of journals and other reasons. 
The next Science Indicators report will examine this represen- 
tiveness in detail. 

13 Published by the Institute for Scientific Information, 
Philadelphia, Pennsylvania. 

14 For details of the sample and methodology employed, 
see Indicators of the Quantity and Quality of the Scientific Literature, 
Computer Horizons, Inc., 1975. (A study commissioned 
specifically for this report). 

15 An analysis of 2,121 journals included in the Science 
Citation Index for 1973 yields similar results in the ranking of 
nations within fields, but comparable data for the larger set 
of journals are not available for earlier years. 


the U.S.S.R. led all countries, with the United 
States following as the second largest 
producer.!¢ The overall position of the United 
States, relative to the other countries, has 
changed little since 1965, the initial year of this 
indicator. For the seven fields as a whole, U.S. 
scientists and engineers published more than did 
those of any other country, followed by Soviet 
scientists and engineers. The United Kingdom, 
in these terms, ranks a distant third, while 
France, West Germany, and Japan cluster at a 
somewhat lower level. 


The international position of the United 
States may be declining in the fields of 
chemistry, engineering, and physics. The U.S. 
share of the literature in each of these fields 
declined slightly in both 1972 and 1973, as 
shown in figure 1-6. Furthermore, the absolute 
number of publications in these areas was lower 
in 1973 than in some previous years.!” (These 
declines may be related to trends in the funding 
of research in the three fields, as presented in the 
“Basic Research” chapter of this report). 


Although attention was focused above on the 
six countries producing the largest number of 
scientific publications, several other nations 
contribute significantly to the world literature. 1® 
The largest contributors among these in 1973 
were: 


Australia Italy 
Canada Netherlands 
Czechoslovakia Poland 

India Sweden 
Israel Switzerland 


Each of these countries ranked among the first 
10 nations in the number of 1973 research 
publications of at least one of the eight fields of 
science. 


National research profiles. Countries differ in 
the emphasis they place on various fields of 
scientific research. The relative number of 


16 The Science Citation Index for 1973 and earlier years did not 
include a number of important U.S.S.R. chemistry journals; 
the U.S.S.R. share of the chemistry literature, therefore, 
may be underestimated. 

17 Similar publication trends in these fields, found in 
another study, are presented in the “Basic Research” chapter 
of this report. 

18 These and all subsequent data on scientific literature 
were developed from an analysis of 2,121 of the journals in 
the 1973 Science Citation Index, as described in Indicators of the 
Quantity and Quality of the Scientific Literature, Computer 
Horizons, Inc., 1975 (A study commissioned specifically for 
this report). 
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Figure 1-6 


Scientific Literature’ in Selected Fields’ as a Percent of Total Literature, by Country, 1965-73 


CHEMISTRY 


(Percent of Total) 


Cl 


90 PA ee oes mes ms me 


US. 
V—_—_—_—! 
Other 


. 
") 
TEPPER ETL ELEC 


20 


W. Germany 


U.K. 


s,| 
au PPLELLILEL PPP CSaaeeeerededoeereennn*? 


“France 
0 | 
1965 67 69 71 72 '73 

ENGINEERING 

(Percent of Total) 

60 

50 US. 

40 


0 yaeennnns 


Other wwe" 
U.S.S.R 
Ets ood 


W. Germany 
eee 


1 Includes articles, letters and notes from the 492 scientific journals which 
were most heavily cited in 1965. 


2The social sciences are excluded because comparable data were not 
available 


SOURCE: Computer Horizons, Inc. 


PHYSICS 


(Percent of Total) 
60 


50 


40 


30 


paseeeenene 


U.S.S.R 
es ey ey) es 
10 U.K. W. Germany 


eee oeeeeeeeeresesossooeeeeeese 
ee eeoe oOo Heecccce 
eeeececcccs 


20 Other 


awe 
GUTeCa Ger UTETTTReaTeRTEESTUMARDUOLLICEALTLULESELLLES 


1965 67 69 7 72 73 


PSYCHOLOGY 


(Percent of Total) 
80 


70 


60 


50 


30 


20 
Other 


Deere eecmremicnsarot ae 


W. Germany 
0 PC eeececcecce 


Figure 1-6 continued 


MOLECULAR BIOLOGY 


(Percent of Total) 
60 


50 


40 


30 
Other “i 
*0 TOUCOU Crane eeggyy yan aetaueeUUOORUCU EEUU ee een eee ayeeeet 
UK France W. Germany U.S.S.R 
10 eoccset?*febn,., 


(Percent of Total) 


SYSTEMATIC BIOLOGY 
(Percent of Total) 
60 


50 


> 
AY Other . %, 
ute 
quvenneentl On, ES 
r 


40 


30 


20 


mie eleleraiehe ane oo ay 


France aus 
~ te 


W. Germany 


1965 67 69 71 72 73 


MATHEMATICS 


60 


30 [- 


20 


10 W. Germany 


Ni 
eoeece 


1965 67 69 


SOURCE: Computer Horizons, Inc. 


11 


publications in each field provides an ap- 
proximate profile of a country’s research effort. 
These 1973 profiles, based on the 278,894 S.C.I. 
publications in seven fields,1° are shown in 
figure 1-7.2°0 For purposes of comparison, the 
profile of publications produced by all countries 
combined is shown also. 


The 1973 profile of the United States was 
most similar to that of West Germany and the 
United Kingdom in the relative proportion of the 
total literature in each field, although chemistry 
was emphasized somewhat more by the latter 
two countries. The profile of France’s scientific 
research also resembles the United States, 
except for a smaller proportion of engineering 
research on the part of France and a larger 
fraction of literature in chemistry. 


The country with the profile which differs 
most from that of the United States in the 
literature studied appears to be the U.S.S.R. The 
life sciences (biology, biomedical research, and 
clinical medicine) represent nearly 55 percent of 
the U.S. literature compared with just over 20 
percent of the Soviet scientific and technical 
literature; conversely, engineering and the 
physical sciences (chemistry and physics) ac- 
count for some 20 percent of the U.S. literature 
whereas the U.S.S.R. published almost 60 
percent of its literature in these fields. 


Literature citations. The significance of a 
nation’s scientific literature is more important 
than mere counts of publications. One indicator 
of quality is the recognition that the research 
reported was dependent on published accounts 
of earlier investigations. Such a “citation index” 
is based on the belief that the most significant 
literature will be more frequently cited. In 
support of this assumption are a number of 
studies which demonstrate high correlations 
between citation counts and other measures of 


19 These data employ a somewhat different taxonomy of 
fields of science than that used for the 492-journal set; see 
Appendix table 1-7a for the detailed taxonomy of the fields 
described in Indicators of the Quantity and Quality of the Scientific 
Literature, Computer Horizons, Inc., 1975. 

20 Because of the way this broad sample was selected, some 
fields may be understated, such as Russian mathematics. 
However, the scope of the Science Citation Index is determined 
by a 20-member, international editorial board consisting of 
two Soviet scientists; one is an expert in the information and 
documentation sciences area, the other is a mathematician. 
In recent years, the Science Citation Index has been expanded to 
include 90 percent of the 1,000 journals most highly cited by 
articles in some 2,100 journals and 100 percent of the 575 
most highly cited. 
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scientific importance, such as judgments of 
researchers in the field.21 


The quality of scientific research is far more 
difficult to measure than its quantity. The use of 
citation indicators is one such approach, but one 
which requires considerable caution. Some 
articles may fail to be noticed because scientists 
do not have access to them, although this 
characteristic of the availability of a nation’s 
scientific literature is itself an important aspect 
of the internationalism of science. Articles may 
be heavily cited only for the criticisms they 
provoke, or because they deal with minor 
improvements in methodology. Authors in some 
countries may cite only a few outstanding 
references for reasons such as journal space 
limitations, while similar scientists in other 
countries may give more complete citations. The 
particular choice of a sample of journals to be 
examined can have an effect on international 
comparisons if countries do not have appropriate 
representation in the sample. Because some 
nations concentrate more on applied research 
than on basic research, they may be un- 
derrepresented in the scientific literature. 


The data source for this indicator was the 
Science Citation Index, as augmented for improved 
coverage of certain fields and countries, com- 
prising 2,121 journals—virtually all of those 
included in the S.C.I. for 1973. The index was 
created by comparing the actual fraction of the 
world’s total citations in a given field with the 
expected proportion based on that nation’s share 
of the total publications in that field. 


The resulting citation indices are shown in the 
table below for six fields. An index of 1.0 means 
that there were as many citations to a country’s 
literature in the field as would be expected from 
its share of the world’s publications; a larger 
index indicates a proportionally higher level of 
citation to the literature produced by a country 
than could be accounted for simply by the 
volume of its publications. 


21See “Citation Analysis: A New Tool for Science 
Administrators”, Science, Vol. 188 (1975), pp. 429-432; 
Jonathan R. Cole and Stephen Cole, Social Stratification in 
Science, (Chicago: University of Chicago Press, 1973); Eugene 
Garfield, “Citation Analysis as a Tool in Journal Evaluation”, 
Science, Vol. 178 (1972), pp. 471-478; J. Margolis, “Citation 
Indexing and Evaluation of Scientific Papers”, Science, Vol. 
155 (1967), pp. 1213-1219; and C. Roger Myers, “Journal 
Citations and Scientific Eminence in Contemporary Psy- 
chology”, American Psychologist, Vol. 25 (1970), pp. 1041-1048. 


Citation indices of selected scientific literature?? 
by selected fields and countries, 1973 


Citation 
Field Country indices 
Clinical United States 13 
medicine United Kingdom 1.3 
Japan 6 
West Germany 25 
France 5 
U.S.S.R. 2 
Biology and United States 1.3 
biomedical United Kingdom ale? 
research Japan 8 
West Germany 8 
France 6 
U.S.S.R. 3 
Chemistry United States 15 
West Germany ES 
United Kingdom 1.4 
Japan 7 
France 7 
U.S.S.R. 4 
Physics United States 1.4 
West Germany 1.0 
United Kingdom 9 
France 8 
Japan 7 
U.S.S.R. 6 
Engineering France ata 
United States ale 
United Kingdom 1.0 
WiS:S:Re 1.0 
West Germany 9 
Japan 8 
Earth and United States ake 
space United Kingdom 1.0 
sciences Japan Ww. 
West Germany of, 
France 6 
U.S.S.R. 3 


The United States ranks first or ties for first 
place on this measure in each of the eight fields. 
The U.S. lead is greatest in physics, followed by 
the earth and space sciences. 


Each country tends to have higher citation 
indices for its ownscientific literature than it has 
for the literature of other countries (see 
Appendix table 1-7b). This is particularly true 
for the U.S.S.R. and France. The United States, 


22 The relatively high citation ratios associated with the 
United States and the United Kingdom may reflect, in part, 
the growing use of English as the language of scientific 
publication. Nevertheless, when citations made by U.S. and 
U.K. authors were excluded from these indices, the United 
States still had the highest citation ratios for chemistry, 
physics, mathematics, and the earth and space sciences. 


on the other hand, cites its own literature less 
than other countries cite theirs, except in the 
fields of chemistry and physics where its 
domestic citation indices are higher than those of 
the other five countries. 


Nobel Prizes in science 


International prizes for scientific achieve- 
ment, although awarded to individuals rather 
than countries, provide a gross indication of the 
relative position of nations in scientific research. 
Foremost among such awards are the Nobel 
Prizes. These prizes were established by a 
bequest of Alfred Bernhard Nobel, and give 
international recognition to achievements in the 
fields of physics, chemistry, and 
physiology/medicine.?3 


The Nobel Prizes from the first year awarded, 
1901, are shown in figure 1-8 in terms of the 
number awarded to scientists in each of five 
countries which together account for a majority 
of the awards, and in relationship to the 
population of these countries.24 Data are 
presented by year of award which, on the 
average, is some 15 years after the time of the 
research itself. 


Scientists in the United States have received 
the largest number of awards over the 1901-74 
period as a whole, surpassing all other countries 
since the 1931-40 decade. Prizes going to the 
U.S. scientists, however, declined after the 1951- 
60 decade, primarily as a result of a smaller 
number of prizes in the field of physics. In 
relationship to population, however, U.S. scien- 
tists received a smaller fraction of prizes than the 
United Kingdom over the last three decades.?5 


23 Nobel, the Man and His Prizes. (Stockholm: Nobel Founda- 
tion, 1962). Nobel also established prizes in the fields of 
literature and peace. Later, in 1969, the Nobel Foundation 
instituted the prize in economics and since then, 4 prizes 
have been awarded to U.S. economists, and single prizes to 
economists in Austria, the Netherlands, Norway, Sweden, 
and the United Kingdom. In some other areas of science 
which are not within the scope of the Nobel Prizes, there are 
similar international distinctions awarded for eminent 
accomplishments; for example, the Fields Medal for 
Mathematics was established in 1936 and since that time, 
U.S. mathematicians have received 35 percent of the 
quadrennial awards, largely after 1958. 

24 The apparent decline in 1971-74 is partially explained by 
the shorter time interval covered in this period. 

25 Other countries, such as the Netherlands and 
Switzerland, have received a greater number of Nobel Prizes 
in respect to population size than either the United Kingdom 
or the United States. 


£3 


The number of awards in individual fields of 
science are presented in figure 1-9. Over the 
1901-74 period as a whole, the United States has 
the largest total number of awards in physics and 
in physiology/medicine, and is surpassed only by 
Germany in the number of prizes received in 
chemistry. In the most recent period, 1971-74, 


Figure 1-7 


the United States received 56 percent of the 
awards in physics, 57 percent of those in 
chemistry, and 44 percent of those in 
physiology/medicine. These represent a smaller 
fraction of the prizes in each category than was 
received by the United States in the 1951-60 
period. 


Percent Distribution of Scientific Literature’ by Selected Field,’ for Each Country, 1973 


@ = World averages 
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1 Includes articles, letters and notes from a sample of 2,121 journals. 


2The social sciences are excluded because comparable data were not 
available. 


SOURCE: Computer Horizons, Inc. 
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Figure 1-8a 
Nobel Prizes Awarded in Science, 
for Selected Countries, 1901-1974 
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Population for Selected Countries, 1960-1974 


(Number) 


Germany ' 


oot te United Kingdom 


1901- =: 1911- 1921- 1931- 1941- 1951- 
1910 1920 1930 1940 1950 1960 


196]- 1971- 
1970 1974 


1 After 1945, excludes the German Democratic Republic. 
SOURCE: The Nobel Foundation. 


Figure 1-9 
Nobel Prizes Awarded by Field for 
Selected Countries, 1901-74 
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TECHNOLOGICAL INVENTION 
AND INNOVATION 


This section presents indicators of inter- 
national trends in technological invention and 
innovation, as well as transactions in technology 
involving the United States. Indicators of 
inventions are based upon patent awards in the 
United States and abroad, and include the 
identification of areas of technology in which 
recent patenting activity by foreign countries in 
the United States was especially high. Innova- 
tion indicators are based on major new products 
of a technological nature, and include trends in 
the proportion of such innovations produced by 
each major nation, the time between invention 
and market introduction, and the “radicalness” 
of the innovations. Transactions in technology, 
measured in terms of international sales of 
technical “know-how”, are used as an ap- 
proximate indicator of the relative state of U.S. 
technology. 


The “patent balance” 


Inventions of new and improved products and 
processes may represent actual or potential 
advances in technology. Those inventions which 
are of sufficient originality to be patented 
provide a basis for indicators of the inventive 
output of countries. The use of patent statistics 
for this purpose, however, has _ several 
limitations. Some inventions—even major 
ones—are not patented. And those which are 
patented vary greatly in their technical and 
economic significance, with only a small propor- 
tion of the total number of inventions ultimately 
reaching the market. In addition, the criteria for 
awarding patents differ from country to coun- 
try; not only does the rigor of tests for originality 
vary, but so does the extent of protection 
afforded by patents. The latter factors deter- 
mine the relative ease and value of obtaining 
patents in different countries. 


The number of patents granted in individual 
countries is not an adequate measure of inven- 
tiveness for purposes of international com- 
parisons. A more meaningful measure relates 
the number of patents granted to nationals with 
those granted to foreigners in each country. 
Such an index?6 reflects the relative success of 


ze When applied to the United States, the index is the 
number of patents granted to U.S. nationals by foreign 
countries minus the number of patents granted to foreign 
nationals by the United States. 
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countries producing inventions of sufficient 
potential significance to warrant international 
patent protection. Since it is generally more 
costly to obtain such protection, the index tends 
to focus on those inventions which are thought 
to be most important. 


Figure 1-10 presents the total number of 
patents granted to U.S. nationals by ten coun- 
tries (Canada, West Germany, Japan, U.S.S.R., 
United Kingdom, and five other European 
Economic Community countries, including 
Belgium, Denmark, Ireland, Luxembourg, and 
the Netherlands); the number granted to 
nationals of these countries by the United 


Figure 1-10 

Patents Granted to U.S. Nationals by 
Foreign Countries and to Foreign Nationals 
by the United States, 1966-73 
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States; and the resulting U.S. balance. These 10 
countries were responsible for nearly 70 percent 
of all foreign patent transactions with the United 
States during 1966-73. (Data are not available 
for Italy, and are not reliable for France for use in 
this report). 


The “patent balance” of the United States fell 
by about 30 percent between 1966 and 1973, as 
shown in figure 1-10. The decline was due both 
to an increasing number of U.S. patents awarded 
to foreign countries and a decline (in 1973) in the 
number of foreign patents awarded to U.S. 
citizens. Overall, foreign patenting increased in 
the United States during the period by over 65 
percent, and by 1973 represented more than 30 
percent ofall U.S. patents granted. This suggests 
that the number of patentable ideas of inter- 
national merit has been growing at a greater rate 
in other countries than in the United States. 


The United States has a favorable but 
declining patent balance with each country 
except West Germany and the U.S.S.R.2’ (figure 
1-11). The favorable balance with Japan has 
declined steadily since 1968, as its patenting of 
inventions in the United States increased some 
threefold. The U.S.balance with Canada dropped 
sharply after 1972 as a result of a 30 percent 
reduction in the number of patents granted by 
Canada to U.S. inventors. 


Foreign origin patents by product area. The 
rapid growth of foreign patenting in the United 
States has occurred in a broad spectrum of 
product areas and technologies. The number of 
such foreign patents granted in these areas can 
be used to identify the products and technologies 
in which the foreign impact is greatest. 


For this purpose, all U.S. patents granted 
during 1963-73 were assigned to 15 major 
product areas according to the probable areas of 
application of the invention.28 The percentage of 
foreign origin patents within each of these areas 
in 1973 is presented in the table below. 


In 1963, the proportion of foreign origin 
patents in 12 of the 15 areas was less than 20 
percent; only one area—petroleum refining and 
extraction—had less than 20 percent foreign 
patents in 1973. 


In studies of more specific fields and 
technologies, the U.S. Patent Office has iden- 
tified a number of areas in which the foreign 
share of U.S. patents is particularly high and 
increasing rapidly.2? Listed below are some of 
these areas and the corresponding foreign share 
of patents during 1972: 


Percent of 
U.S. patents 
to foreign 
Areas countries 
Piezoelectric compositions ..............4. 78 
Magnetic field responsive resistors ........ 72 
Automatic transmissions ................. 69 
SUPEKCONAUGEOTS! waits hin syesiseene eeereae 60 
Vinylhalide polymers: ..:....2.6. 0010-0026 «1 56 
Ground effect machines ................0% 54 
Semiconductor internal structures ........ 52 
Magnetic sound recording and 
Feproducing Structures‘... <000.26 ssc 52 
Magneto-hydrodynamic generators ....... 49 
Ignition timing controls) ...s.0. 0. eee e sce 6 49 
Japan, West Germany, and the United 


Kingdom received the greatest proportion of 
foreign patents awarded by the United States in 
these areas. 


Percent of total U.S. patents granted to foreign countries 
by major product area, 1973 


Product area Percent Product area Percent Product area Percent 
Drugs and medicines ........ 44 Food and kindred products 33. Motor vehicles and other 
Aircraft and parts ........... 39 Machinery, except transportation equipment... 28 
Textile mill products ......... 37 electricalltys.qcve.c soins 30 ~~ Rubber and miscellaneous 
Chemicals, except drugs ..... 35 Electrical equipment, Plastics products: < <scetsrers «isis 28 
Primary ;metals) <.jsceccverers aiere 34 except communications . 29 Stone, clay and glass 
Professional and PLOCUCtS! tae sisters eesti sects 27 
scientific instruments ... 29 Fabricated metal products .... 25 
Communication equipment and Petroleum refining and 
electronic components .. 28 (declaslol Womaneoacoopuncddd 17 


27 The U.S.S.R. accounted for only one percent of all the 
patent transactions considered. 

28 Indicators of the Patent Output of U.S. Industry, Office of 
Technology Assessment and Forecast, U.S. Patent Office, 
1974 (A study commissioned specifically for this report). 


2° This information was taken from a series of reports of 
the Office of Technology Assessment and Forecast, U.S. 
Patent Office, April 1973-January 1975. 
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Figure 1-11 


U.S. Patent Balance with 
Selected Countries, 1966-73 
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1 Other European Economic Community (E.E.C.) countries include Belgium, 
Denmark, Ireland, Luxembourg, and the Netherlands. Data are not available 


for Italy, and are not reliable for France for use in this study. 
SOURCE: World Intellectual Property Organization 


International trends in technological 
innovation 


Technological innovation is a complex process 
culminating in the introduction of new and 
improved products and processes. Several steps 
are involved in bringing a new product into the 
market, including successful research and 
development which provide the technical and 
engineering foundation for innovation. 
Technological innovation is, in turn, one of the 
more important factors in determining the 
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productivity, economic growth, and _inter- 
national position of developed nations.3° 


The indicators presented here concerning 
international trends in technological innovation 
are based upon a study conducted specifically for 
this report. The study investigated 500 major 
technological innovations (i.e., new products or 
processes embodying a significant technological 
change) which were introduced into the com- 
mercial market?! between 1953-73. The 500 
innovations studied were those receiving the 
highest ratings among 1,300 major innovations 
produced by Canada, France, Japan, the United 
Kingdom, the United States32 and West Ger- 
many. An international panel of experts rated 
the innovations based on their technological, 
economic, and social importance.33 


The present indicators should be interpreted 
with their several limitations in mind. The 
number of innovations on which the indicators 
are based is relatively small, particularly for 
countries other than the United States, with the 
result that the national trends presented are 
somewhat tenuous. Furthermore, only the most 
important innovations are represented by the 
indicators, even though the more numerous 
innovations of a less significant nature may have 
a greater overall impact. Moreover, the 
measures do not go beyond the initial introduc- 
tion of the innovations into the market and, 
thus, do not include information on factors such 
as the economic benefits accrued by the in- 
novating nations nor the international diffusion 
of the innovations. Finally, the indicators do not 
account for the negative impacts—such as job 
displacement, environmental pollution, or in- 


30 For further discussion of these relationships see: The 
Conditions for Success in Technological Innovation, Organisation for 
Economic Co-operation and Development, 1971, and Robert 
Gilpin, Technology, Economic Growth, and International Com- 
petitiveness, U.S. Congress, Joint Economic Committee, 94th 
Congress, 2nd Session, 1975. 

31 Some innovations were brought into the commercial 
market after having been first introduced in the government 
market. 

32 The U.S. innovations are more fully analyzed in the 
“Industrial R&D and Innovation” chapter of this report. 


33 For further information on the methodology and results 
of the study see Indicators of International Trends in Technological 
Innovation, Gellman Research Associates, Inc., 1975. (A study 
commissioned specifically for this report). Other topics 
investigated in the study but not discussed here include: the 
characteristics of the innovating companies, the role of basic 
and applied research in the development of each innovation, 
and the utilization of patents and licensing in acquiring the 
technology associated with each innovation. 


creased energy consumption—which may be 
associated with the innovations. 


The innovations included in the study repre- 
sent a wide range of product areas and industrial 
sectors. Examples of the innovations are listed 
below: 


Nuclear reactors Automatic optical readers 


Oral contraceptives High speed electric trains 
Urethane foams Integrated circuits 
Electron beam welding Lasers 

High voltage electric cables Weather satellites 


The innovations were classified according to 
the type of market which the innovating 
company intended for the _ innovation>4: 
producer goods, consumer goods, or the govern- 
ment (viewed as both a producer anda consumer 
market). The innovations in total were aimed 
principally at the producer-goods market (65 
percent of all innovations), followed by the 
government (19 percent), and the consumer- 
goods market (16 percent). The following table 
shows the distribution of innovations among the 
three types of markets for each of the five 
countries:35 ; 


Percent distribution of innovations 
by type of market and country, 1953-73 


Type of market 


Producer Consumer 
Country goods Government — goods 
United States ... 62 19 19 
United Kingdom . 89 2 9 
Japan racine tects. Ohi 16 7 
West Germany .. 69 Z 24 
France) f.icmctecjasiee 45 10 45 


Major innovations by selected countries. The 
proportion of the 492 innovations produced by 
each of the five countries is shown in figure 1-12. 
The United States leads each of the other nations 
by a wide margin in the percentage of major 
innovations produced. The U.S. lead, however, 
declined steadily from the late 1950's to the mid- 
1960's, falling from 82 to 55 percent of the 
innovations. The slight upturn in later years 


34 The innovation may have been introduced subsequently 
into other markets; e.g., innovations initially directed to the 
government may have been introduced later into another 
market. 

35 Innovations originating in Canada were omitted from 
this report because they are small in number and therefore 
cannot be analyzed in detail. 


represents a relative rather than an absolute 
gain, and results primarily from a decline in the 
proportion of innovations produced in the 
United Kingdom, rather than an increase in the 
number of U.S. innovations. The largest actual 
gains were recorded by Japan, although its share 
of the innovations reached only some 10 percent 
by the early 1970's. 


The innovations as a whole covered a wide 
range of product areas, but U.S. innovations 
were concentrated primarily in the most R&D- 
intensive industries, particularly: electrical 
equipment and communications, chemicals and 


United States 


United Kingdom 


~ 
o™ 
? oh 
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allied products, machinery, and professional and 
scientific instruments. In the United Kingdom, 
aircraft was the principal area in which the 
innovations were found, whereas those of West 
Germany were primarily in machinery. In- 
novations originating in Japan were most often 
in primary metals or in the broad area of 
electrical equipment and communication. French 
innovations were least concentrated, tending to 
occur in a variety of areas. 


Invention and innovation. The inventions 
(ie., the first conception of the innovations) 
originate, for the most part, in the same country 
as the innovation; 91 percent of all the in- 
novations included in this study were based on 
domestic inventions. The proportion of each 
country’s innovations which resulted from its 
own inventions ranged from a high of 100 
percent in France to a low of 79 percent for West 
Germany, with the United States at 93 percent. 


The time between invention and innovation 
ranged from less than one year to 81 years 
among the present set of major new products 
and processes. The mean numbers of years in the 
invention-innovation interval are shown in 
figure 1-13 for the various countries. (It should 
be noted that the date of invention is often 
difficult to determine precisely). 


Figure 1-13 
Interval Between Invention and Innovation, 
for Selected Countries, 1953-73 


(Number of Years) 


United States 


Japan 


West Germany 


France 


United Kingdom 


1 Refers to the date of the innovation 
2 Sample size does not allow calculation of the time interval 
SOURCE: Gellman Research Associates, Inc. 
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In the most recent period, 1963-73, Japan had 
the shortest period between invention and 
market introduction (3.6 years), followed by 
West Germany (5.6 years), the United States (6.4 
years), France (7.3 years), and the United 
Kingdom (7.5 years). 


“Radicalness” of the innovations. Innovations 
may embody technologies which range from 
imitations of existing technologies to radical 
breakthroughs. To investigate this aspect, each 
innovation was classified by the innovating 
company into one of the following five 
categories: “no new knowledge required”, 
‘imitation of existing technology”, “improve- 
ment of existing technology”, ‘major 
technological advance”, and “radical 
breakthrough”. Only 22 of the 369 innovations 
for which such data were acquired were assigned 
to the first two categories; these innovations are 
excluded from the following analysis. The 
distribution of the remaining innovations 
among the other three categories is presented in 
figure 1-14. 


The largest proportion of innovations in the 
five countries combined were classified as major 
technological advances (37 percent), followed by 
improvements in existing technology (35 per- 
cent), and radical breakthroughs (29 percent). 
The innovations originating in the United States 
were a relatively balanced mix of the three types, 
whereas innovations of the United Kingdom 
were most often characterized as_ radical 
breakthroughs. France, West Germany, and 
Japan were similar in that their innovations were 
most often considered to be major technological 
advances. 


These indicators are particularly inexact for all 
countries other than the United States because 
of the small number of innovations involved. 
Furthermore, only the U.S. innovations were 
numerous enough to permit the determination 
of trends, which indicate that the percentage of 
radical innovations declined nearly 50 percent 
between the 1953-59 and 1967-73 periods, while 
those representing major technological advances 
doubled. The decline in radical innovations was 
due to a smaller number of such innovations 
from the electrical equipment and communica- 
tion, and the machinery industries. 


Technical “know-how” 


The extent to which nations purchase the 
technical “know-how” (e.g., patents, licenses, 


Improvement of existing technology 
Major technological advance 
Radical breakthrough 


and manufacturing rights) of a country is one 
indicator of the technological position of that 
country vis-a-vis other nations. Several other 
factors, however, may influence the volume of 
such purchases, such as the economic develop- 
ment policies of the nations involved and the 
trading arrangements among them. 


Information on payments and receipts for 
technical “know-how” is available for transac- 
tions between multinational companies and 
their foreign affiliates as well as between 
independent organizations. The latter informa- 
tion was selected for use primarily on the 
assumption that purchases by independent 
enterprises are more likely to be based on the 
technical merit of all available “know-how”. The 
omission of transactions between corporations 
and their foreign affiliates, however, results in a 
substantial understatement of the extent of 


technology transferred. In addition, a significant 
amount of “know-how” is transferred through 
the exchange of technical and management 
personnel, and through informal agreements 
which are not reflected in the financial data 
presented here. 


The dollar value of U.S. receipts, payments, 
and the resulting balance (i.e., receipts minus 
payments) for exchange of technical “know- 
how” is shown in figure 1-15. Over the 1960-74 
period, U.S. receipts from the sale of “know- 
how” grew exponentially while its payments 
grew more linearly, resulting in an increasingly 
large positive balance of payments in this area. 
Increases in the U.S. balance are due principally 
to purchases of U.S. “know-how” by Western 
Europe and Japan (accompanied by relatively 
small purchases of Japanese “know-how” by the 
U.S.). From 1970 onward, for example, nearly 45 
percent of U.S. net receipts were associated with 
Japan, and 30 percent with Western Europe 
(including the United Kingdom). The developing 
countries are increasingly important purchasers 
of U.S. “know-how”, accounting for 15 percent 
of the U.S. balance in 1974. 


U.S. purchases of foreign “know-how” are 
primarily from Western Europe. Approximately 
80 percent of U.S. payments in 1974 went to 
these countries, with nearly 35 percent going to 
the United Kingdom alone. 


Although considerably more technical “know- 
how” appears to flow from the United States 
than to it, the volume of foreign technology 
acquired by the United States is substantial and 
expanding in various areas. Machine tools is one 
such area in which the advanced “know-how” of 
foreign countries has been acquired for use in 
the United States. In plastics, the European 
developments in polyethylene have impacted 
significantly on American industry. Imported 
technology and “know-how” have also had 
substantial influence in the optical equipment 
area.3¢ 


PRODUCTIVITY AND 
BALANCE OF TRADE 


This section presents indicators of inter- 
national trends in productivity, as well as 
measures of the contribution of R&D tothe US. 


balance of trade. Trends in the level of national 


3© International Economic Report of the President, Council on 
International Economic Policy, 1975. 
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Western Europe 


U.S. Receipts 


Balance 


U.S. Payments 


Developing Nations 


productivity (i.e, Gross Domestic Product per 
employed civilian) and growth in manufacturing 
productivity (i.e., output per man-hour) are 
presented for each major developed country. An 
approximate indicator of the role of R&D in the 
U.S. trade balance is developed through an 
analysis of U.S. exports and imports of manufac- 
tured products, in terms of the R&D intensity of 
the products involved. The indicator is used also 
to determine the balance of trade in R&D- 
intensive products between the United States 
and other specific nations. 


Productivity 


The level of productivity and its rate of growth 
can greatly influence the economic strength of 
nations and affect living standards, costs and 
prices, and international trading and monetary 
arrangements—as shown by the experience of 
many countries in recent years.3”7 Productivity 
expresses the relationship between the quantity 
of goods and services produced (output) and the 
quantity of labor, capital, land, energy, and other 
resources (input) used to produce them. Over 
time, productivity tends to grow as new 
knowledge and new technology are embodied in 
capital investments, as the educational levels of 
labor forces rise, and as management skills 
become more effective. While the effect of R&D 
on productivity growth is not known precisely, 
the general conclusion based on a large number 
of studies is that the impact of R&D is “positive, 
significant, and high”.38 


The measurement of productivity is difficult, 
particularly when measures are sought for the 
purpose of international comparisons. Problems 
arise from a diversity of sources, such as 
differences in concept and methodology and the 
availability of data. For these reasons, small 
reported differences in productivity—between 
nations and over short periods—may not be 
significant; interpretation of the indicators, 
therefore, should be confined to general trends. 


A relatively general and approximate measure 
of productivity is the “real Gross Domestic 


37 Information on the role of productivity in the inter- 
national area may be found in Productivity: An International 
Perspective, U.S. Department of Labor, Bureau of Labor 
Statistics, 1974. 

38 Research and Development and Economic Growth/ Productivity, 
Papers and Proceedings of a colloquium, National Science 
Foundation (NSF 72-303). For a discussion of this 
relationship, see the chapter entitled, “Industrial R&D and 
Innovation” in this report. 


Figure 1-16 

Real Gross Domestic Product per Employed 
Civilian, for Selected Countries Compared 
with the United States, 1960-74 


(Indexes, United States = 100) 
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SOURCE: U.S. Department of Labor. 


Product per employed civilian”. Measured in 
these terms, the level of U.S. productivity 
exceeded that of France, Japan, West Germany, 
and the United Kingdom throughout the 1960- 
74 period (figure 1-16). Gains in productivity, 
however, were larger in the four other coun- 
tries, with the result that the U.S. lead diminish- 
ed significantly. By 1974, the productivity levels 
of France and West Germany were only 20-25 
percent lower than the United States. Japan 
gained the most in productivity, but was still 
some 40-45 percent below the U.S. level in 1974. 


Trends in productivity are more commonly 
measured in terms of output per man-hour. The 
use of this index does not imply that labor alone 


is responsible for productivity growth; output 
per man-hour may also be influenced by factors 
such as technological advances, scale of produc- 
tion, and management effectiveness. This index 
is developed for each country separately, and is 
used to measure the change in productivity over 
time in that country; it does not permit 
comparisons of the actual productivity levels of 
different countries. 


This indicator is presented in figure 1-17 for 
manufacturing industries in the five countries. 
The U.S. productivity gain between 1960-74 is 
the smallest of these five countries (60 percent) 


W. Germany 
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and nearly five times less than increases in Japan, 
which recorded the largest gains. However, 
starting from a relatively high level of produc- 
tivity in 1960, the United States might not be 
expected to sustain the same high proportional 
gains as countries starting from a lower produc- 
tivity base. 


The effectiveness of a nation’s productivity 
level is perhaps best indicated by the measure of 
“unit labor cost” (i.e., hourly labor costs divided 
by output per man-hour). If gains in productivity 
exceed increases in the cost of labor, then unit 
labor costs drop, products can be produced at less 
cost, and sold at lower prices, placing anationina 
favorable competitive position in the inter- 
national market.3° 


Trends in this index for manufacturing 
industries are shown for the five countries in 
figure 1-18. It can be seen that productivity gains 
in the U.S. were sufficient to offset increases in 
labor cost from 1960 through 1965 and again 
from 1970 through 1973. Productivity rises in 
1974 were negligible, however, while hourly 
labor costs had the largest yearly gain of the 
entire period. As a result, unit labor costs in 
manufacturing industries rose more rapidly 
than in any other year since World War II. 


Gains in hourly compensation in 1974 ex- 
ceeded advances in productivity in other coun- 
tries also, and by even wider margins than in the 
United States. Thus, unit labor costs increased to 
an even greater extent in foreign manufac- 
turing. The 1973-74 increase in Japan was nearly 
30 percent and in the United Kingdom nearly 20 
percent, both of which were the largest year-to- 
year gains in unit labor costs experienced by 
these countries during the 1960-74 period. 


Balance of trade in R&D-intensive products 


The U.S. position in world trade depends upon 
a variety of factors, including the price of its 
products, the effectiveness of its international 
marketing, trading arrangements with other 
countries, and its performance in technological 
innovation. Such innovation, as discussed 
elsewhere in this report, depends significantly 
upon research and development. 


3° For a discussion of recent trends in these factors, see 
Patricia Capdevielle and Arthur Neef, “Productivity and Unit 
Labor Costs in the United States and Abroad”, Monthly Labor 
Review, July 1975; for a detailed analysis of the role of these 
factors in international trade, see Competitiveness of U.S. 
Industries, United States Tariff Commission, 1972. 
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W. Germany 


The precise role of R&D and technological 
innovation in U.S. trade have not been deter- 
mined, although recent studies suggest that it is 
substantial.4° Some indication of this is provided 
by analyzing the U.S. trade balance in terms of 
the products involved, with the latter classified 
according to the relative level of R&D invest- 
ment of the industries which produce the 
products. For this purpose, products from 


industries4! with (a) 25 or more scientists and 


40 Raymond Vernon (ed.), The Technology Factor in Inter- 
national Trade, (New York: Columbia University Press, 1970). 

41 Only manufacturing industries (which account for 
nearly all industrial expenditures for R&D) are included in 
the analysis. 


engineers engaged in R&D per 1,000 employees 
and (b) company-funded R&D amounting to at 
least 3 percent of their net sales, were regarded 
as “R&D-intensive” products.42 Based on these 
criteria, the product areas identified as R&D- 
intensive are (1) chemicals, (2) nonelectrical 
machinery, (3) electrical machinery, (4) aircraft 
and parts, and (5) professional and scientific 
instruments. All other manufactured products 
were regarded as non-R&D-intensive. 


The U.S. trade balance (exports minus im- 
ports) associated with these two categories of 
products is shown in figure 1-19.43 The 
favorable balance in R&D-intensive products is 
clearly indicated; the balance increased fourfold 
over the 1960-74 period and doubled between 
1970-74 alone. In contrast, the United States had 
a large and increasing trade deficit in non-R&D- 
intensive products. The principal products in 
this area which accounted for the deficit were 
motor vehicles, textiles, and metals.44 


The favorable U.S. trade balance in products 
from R&D-intensive industries is shown in 
figure 1-20. 


Nonelectrical machinery accounted for nearly 
one-half of the favorable balance in R&D- 
intensive products. The recent growth in the 
balance for this area was largely the result of 
increased export of electronic computers, 
construction equipment, and mining and 
well-drilling machinery. 


Aircraft and parts contributed approximately 
one-fifth of the positive balance in R&D- 
intensive products in 1974. This is the only 


42 This grouping, of course, is an approximate one. 
Products and industries, although highly correlated at the 
gross level, do not perfectly coincide, with the result that not 
all products manufactured by a high R&D-performing 
industry can be considered R&D-intensive. 

43 The export statistics presented here include all 
merchandise shipped from the U.S. customs area, with the 
exception of supplies destined for U.S. Armed Forces abroad 
for their own use; shipments for relief purposes or under 
military assistance programs are included. The import 
statistics cover foreign merchandise received in the U.S. 
customs area. 

44 The trends in U.S. foreign trade presented here were 
influenced by recent adjustments in the international 
monetary system. In December 1971, the United States 
reduced the par value of the dollar; in March 1974, all of the 
major world currencies converted to a system of floating 
exchange rates. The precise impact of these changes on the 
U.S. trade position is not known, but in general they are 
thought to enhance the competitiveness of U.S. exports. A 
detailed discussion of this topic is presented in the Economic 
Report of the President, Council of Economic Advisers, 1975. 


Figure 1-19 

U.S. Trade Balance in R&D-intensive 
and NonR&D-intensive Manufactured 
Products, 1960-74 
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SOURCE: U.S. Department of Commerce. 


one of the five areas in which imports 
decreased between 1973 and 1974. 


Chemicals accounted for an additional one- 
fifth of the positive balance in R&D- 
intensive products. The recent increase in 
net exports of chemicals was due largely to 
growth in the exports of plastics, medicinal 
and pharmaceutical products, and manufac- 
tured fertilizers. 


Electrical machinery had the smallest margin of 
exports over imports, as a result of large and 
increasing imports in telecommunications 
apparatus, without comparable increases in 
exports of other types of electrical 
machinery. 
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Figure 1-20 
U.S. Trade Balance in R&D-intensive 
Manufactured Products, by Product 
Group, 1960-74 
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SOURCE: U.S. Department of Commerce. 


Professional and scientific instruments maintained 
a steady but small growth in net exports 
through 1974. 


There have been substantial changes over the 
last decade in the mix of products underlying the 
favorable trade balance. Several products have 
become increasingly important to the 
maintenance of the positive trade balance in 
R&D-intensive products (including electronic 
computers, fertilizers, electronic tubes, tran- 
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sistors and semiconductor devices), while the 
contribution of other commodities (such as 
telecommunications apparatus) has led to a 
negative balance. This mixture of growing and 
declining exports illustrates the complexities of 
the present U.S. trade position. The underlying 
dynamics of the position, however, are partially 
explained by the “product cycle” concept.4s 
Trade in manufactured goods, according to this 
concept, typically follows a cycle in which the 
United States initially establishes a net export 
position with the introduction of a new product, 
maintains this position until the technologies 
and skills necessary for manufacturing the 
product are developed elsewhere, and then 
becomes an importer as the production is 
standardized and moves abroad to minimize 
costs. This concept implies that the product 
structure of U.S. exports must have a con- 
tinuous infusion of new products in order for the 
United States to maintain a favorable trade 
position. 


The favorable position of the United States in 
R&D-intensive products is based primarily on 
exports to developing nations, countries of 
Western Europe, and Canada.*° The U.S. trade 
balance in these products is shown in figure 1-21 
for selected areas and countries. In 1973, the 
developing nations accounted for 44 percent of 
the positive U.S. trade balance; nonelectrical 
machinery and chemicals were particularly large 
net export commodities for the United States in 
trade with these nations. In the case of trade 
with Western Europe, the United States had its 
largest net exports in the areas of aircraft and 
nonelectrical machinery (particularly in com- 
puters). U.S. net exports to Canada are concen- 
trated in the areas of nonelectrical and electrical 
machinery. 


A trade deficit in R&D-intensive products 
developed with Japan in the mid-1960’s and 
persisted through 1974. This deficit occurred 
primarily in electrical machinery products 
(particularly consumer electronics) and to a 
lesser degree in professional and _ scientific 
instruments and nonelectrical machinery. Only 
in the areas of chemicals and aircraft does the 


4s Raymond Vernon, “International Investment and 
International Trade in the Product Cycle”, Quarterly Journal of 
Economics, Vol. 80, May 1966. 

4¢ For a more complete discussion of these relationships 
see Keith Pavitt, “ ‘International’ Technology and the U.S. 
Economy: Is there a Problem?” in The Effects of International 
Technology Transfers on U.S. Economy, National Science Founda- 
tion, Papers and Proceedings of a Colloquium (NSF 74-21). 


Figure 1-21 

U.S. Trade Balance with Selected 
Nations in R&D-intensive Manufactured 
Products, 1966-73 


(Billions of Dollars) 
i 


Developing nations 


Western Europe 


Canada 


Japan 


-1 | i | aks [ise 
1966 67 ‘68 69 70 71 72 73 


SOURCE: U.S. Department of Commerce 


United States have a significant net export 
position with respect to Japan. (It might be noted 
that the United States also has a negative trade 
balance with Japan in non-R&D-intensive 
products). 


The importance of the positive trade balance 
in R&D-intensive products is illustrated by the 
fact that the net exports of such products in 1974 
($23.6 billion) were large enough to offset the 
negative balance in petroleum products ($23.4 
billion) for that same year.4” 


Agriculture is an additional component of 
foreign trade which is significantly affected by 
the position of U.S. technology. The leading role 
of U.S. agriculture is due at least in part to the 
contributions of science and technology in such 
areas as the development of new hybrids; the 
utilization of irrigation techniques; the improve- 
ment of fertilizers, pesticides, and herbicides; 
and the widespread mechanization of produc- 
tion.48 In 1974, the United States exported $22.3 
billion of agricultural commodities (with es- 
pecially high volume in wheat, soybeans, and 
corn), and had a positive trade balance of $11.9 
billion in agricultural commodities as a whole.47 


The preceding examination of foreign trade 
was restricted, for the purposes of this report, to 
those aspects which provide relatively direct 
indices of the position and performance of U.S. 
technology. As a result, such topics as foreign 
direct investment, sales of U.S. subsidiaries 
abroad, and the impact of multinational cor- 
porations were not discussed.4? 


47 Overseas Business Reports, Department of Commerce, 
Domestic and International Business Administration (OBR 
75-22). 

48 Agricultural Production Efficiency, National Academy of 
Sciences, Washington, D.C., 1975. 

4° For further treatment of these topics see the International 
Economic Report of the President, Council on International 
Economic Policy, 1975 
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INDICATOR HIGHLIGHTS 


National expenditures for research and 
development (R&D) in the United States 
increased in current dollars each year 
between 1960-74, reaching $32 billion in 
1974; in constant dollars, however, expen- 
ditures remained at $22-23 billion between 
1968 and 1974. 


The total number of (full-time equivalent) 
scientists and engineers engaged in R&D 
reached its highest level in 1969 (at 558,000) 
and declined to almost 528,000 in 1974; the 
decline is due largely to reductions of such 
personnel in industry as a result of cutbacks 
in Federal funds in the aerospace area. 


The fraction of the gross national product 
(GNP) going to R&D declined steadily from 
a high of nearly 3.0 percent in 1964 toa low 
of 2.3 percent in 1974; Federal funds for 
R&D, asa fraction of GNP, dropped from 2.0 
to 1.2 percent between 1964 and 1974, 
whereas funds from all other sources 
combined remained at approximately 1.0 
percent of GNP throughout the period. 


Federal funds for R&D increased in current 
dollars in all but two of the years between 
1960-74, reaching their highest level of 
nearly $17 billion in 1974; funding in 
constant dollars, however, peaked in 1966 
and was down by 19 percent in 1974 to less 
than $12 billion, which is equivalent to the 
funding level of 1963. 


R&D funds provided by industry rose more 
rapidly than those of the Federal Govern- 
ment during the 1960-74 period, reaching 
nearly $14 billion in current dollars in 1974; 
funds in constant dollars were at their 
highest level in 1973, some 2 percent above 
the level of 1974. 


The Federal Government and _ industry 
provided 96 percent of all the funds for R&D 
in 1974; the Federal share of the total 
declined from a high of 65 percent in 1965 to 


a low of 53 percent in 1974, while industry’s 
share grew from 33 to 43 percent of the 
total. 


o R&D expenditures increased in current 


dollars in all R&D-performing sectors! in 
recent years, whereas funds expended in 
constant dollars were lower in each sector in 
1974 than in previous years; the largest 
constant dollar decline was in industry 
where expenditures in 1974 were 9 percent 
lower than in 1969, due largely to declines in 
Federal support for industrial R&D. 


a The proportion of R&D funds allocated to 


different types of R&D activities—basic 
research, applied research, and 
development—has remained nearly con- 
stant since 1965, with development receiv- 
ing 64 percent, applied research 23 percent, 
and basic research 13 percent. 


a R&D funds provided by the Federal Govern- 


ment are a declining fraction of the total 
Federal budget, falling from a high of 13 
percent in 1965 to 7 percent in 1974; as a 
fraction of the “relatively controllable” 
portion of the Federal budget,2 R&D spend- 
ing has changed little, at 15 percent in 1974 
compared with a high of 16 percent in 1967 
and a low of 14 percent in 1970. 


o Federal funds for R&D go primarily to 


national defense, with “civilian”? areas and 
space exploration receiving the remainder; 
the proportion of total Federal R&D funds 


1 The sectors included are industry, Federal intramural 
laboratories, universities and colleges with their Federally 
Funded Research and Development Centers, and other 
nonprofit institutions. 

2 That part of the budget which is subject to annual 
appropriations, rather than determined by fixed costs and 
“open ended” programs whose funds increase by law. 


3 Includes areas such as health, energy, and the environ- 
ment; see figure 2-10 for a listing of the areas. 


for defense remained at slightly more than 
50 percent throughout 1969-74, whereas 
the fraction for civilian areas rose steadily 
from 24 to 34 percent while the share for 
space R&D declined from 24 to 14 percent. 


o Funds from the Federal Government for 
civilian R&D increased 70 percent in current 
dollars and 28 percent in constant dollars 
between 1969 and 1974; the civilian fields 
accounting for most of the growth were 
health (39 percent of the total growth) and 
the environment (17 percent). 


o Federal funds for civilian R&D are concen- 
trated on research (applied and basic) rather 
than development—in contrast to defense 
and space R&D; in 1974, 72 percent of the 
funds went for research, with 45 percent 
going for applied research and 27 percent for 
basic research. 


Substantial resources are committed to 
research and development in the United States. 
The largest fraction of these resources goes for 
R&Dina broad spectrum of national concerns, 
such as national defense, space exploration, 
health, energy, and the environment. A large 
and nearly comparable portion of the R&D 
resources is used to develop new and improved 
industrial products and processes. A small part 
of the resources is allocated for basic research to 
advance the understanding of nature. 


“Research and development” in this report 
comprises basic and applied research and 
development activities. “Basic research” has the 
purpose of acquiring scientific knowledge of 
natural phenomena, where the primary aim is 
fuller understanding of the subject of study, 
rather than specific application of the resulting 
knowledge. “Applied research” has a similar 
although often less general purpose, but where 
the prime aim is the potential application of the 
acquired knowledge. The scientific fields encom- 
passed in basic and applied research consist of 
the life sciences (including the medical sciences), 
physical sciences, mathematical sciences, and 
engineering, as well as the psychological and 
social sciences.5 “Development” consists of the 
use of knowledge gained from research, in 
conjunction with technical “know-how”, for the 


a Federal funds for laboratory equipment 
provided through research grants declined 
as a fraction of total grant funds, decreasing 
from 11 percent in 1966 to 5 percent in 
1974.4 


a Federal support for major fixed equipment 
and R&D facilities in 1974 was well below 
the years of highest funding in the mid- 
1960’s even though such support has 
increased considerably since 1972. 


o Expenditures by the Federal Government 
for the dissemination of the results of R&D 
increased in current dollars each year from 
1960 through 1974, but changed little in 
constant dollars after 1968; the ratio of these 
obligations to total Federal obligations for 
R&D has remained at approximately .025 
since 1970. 


design and prototype construction of materials, 
devices, processes, products, systems, and 
methods. 


Indicators presented in this chapter are 
intended to portray general trends in the 
allocation and use of financial and human 
resources in the Nation’s overall R&D effort. 
These include several measures of the absolute 
and relative magnitude of these resources, as 
well as the sectors which supply and utilize 
them. Indicators are provided also of the 
financial resources which are directed to basic 
research, to applied research, and to develop- 
ment. In addition, trends in Federal funds for 
R&D are presented in relationship to the total 
Federal budget and in respect to broad areas of 
R&D activity. The chapter also contains in- 
dicators of the resources for research equipment 
and facilities, and trends in the Federal support 
of efforts to disseminate the results of R&D. 
More detailed examination of particular areas of 
R&D activity, and measures of output, are 
presented in subsequent chapters. 


4 Based upon research grants of the National Science 
Foundation and the major National Institutes of Health. 
s Data are not available on industry resources tor research in 
the psychological and social sciences. 
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In this and subsequent chapters, data on R&D 
funding are presented in both current and 
constant 1967 dollars. The use of constant 
dollars is an attempt to reflect the reduction in 
the purchasing power of R&D resources which 
is caused by inflation, thereby providing a more 
accurate indication of the “real” level or 
magnitude of R&D funding and effort. Inflation 
in the economy at large has reduced the purchase 
value of the 1967 dollar to 69 cents in 1974, with 
the largest reductions occurring in the most 
recent years. In the absence of a price deflator 
specifically for R&D, the calendar year implicit 
price deflator for the gross national product 
(GNP) is used to convert current dollars to 
constant dollars; 1967 is chosen as the base or 
reference year, in keeping with Federal 
statistical standards. The GNP implicit price 
deflator, which applies to the economy as a 
whole, is necessarily general in scope and is only 
approximately appropriate for use in connection 
with R&D as a whole, or with specific R&D- 
performing sectors, types of costs, and fields of 
research. It is believed, however, that a uniform, 
though approximate, conversion method is 
preferable to various intuitive estimates of the 
effects of inflation on R&D. 


The present indicators fall short of providing 
comprehensive and in-depth measures of trends 
in the allocation and use of resources for R&D. 
These shortcomings reflect both conceptual 
problems and data limitations. The indicators 
presented in this report do not include the full 
costs of R&D, and thus the magnitude of the 
R&D activity resulting from the investment of 
resources cannot be determined. The indicators, 
in addition, do not provide measures of the 
extent to which the resources engage the 
Nation’s full R&D capacity. Furthermore, in- 
dicators have not been developed for gauging the 
general effectiveness with which the R&D 
resources are utilized, nor the efficiency with 
which these resources are translated into R&D 
activity. Another deficiency is the lack of indices 
of the quality of the resources which are directed 
to R&D, particularly the qualifications of the 
scientists and engineers involved and the 
adequacy of their research equipment and 
facilities. And finally, data and information are 
incomplete regarding the national purposes to 
which total R&D resources are directed; only in 
the case of Federal funding are R&D resources 
classified according to areas of national concern 
such as health, energy, and national defense. 
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NATIONAL RESOURCES 
FOR RESEARCH AND DEVELOPMENT 


Trends in total national expenditures for 
research and development indicate an in- 
creasingly strong commitment from available 
funding resources; however the impact has been 
reduced by declining purchasing power due to 
inflation. Total expenditures in current dollars 
rose steadily from 1960-74 to $32 billion, almost 
two and one half times that for 1960 (figure 2-1). 
R&D funding, however, slowed concurrently 
with acceleration in inflation. As a result, 1968 
was the peak year of total expenditures in 
constant dollars. Funding since then has been at 
a lower level; in 1974 the constant dollar total 
was $22.9 billion, 7 percent below the total for 
1968. 


The numbers of scientists and engineers 
employed in R&D rose and fell in close parallel 
with levels of constant dollar expenditures 
(figure 2-2), reaching a high of 558,000 in 1969. 
The subsequent decline occurred largely in the 
industry sector, as a result of reductions in 
Federal funding in defense and space programs. 


The share of the Gross National Product 
represented by R&D has dropped continuously 
over the last 10 years (figure 2-3). Froma high of 
2.99 percent in 1964, it declined to 2.29 in 1974. 
R&D funds from the private sector, particularly 
industry, kept pace with the GNP throughout 
the 1960-74 period. The growth of Federal R&D 
funding, however, fell behind, and as a percent- 
age of the GNP declined from 1.99 percent in 
1964 to 1.22 percent in 1974. 


Sources of support 


The Federal Government has been the prin- 
cipal source of R&D funds throughout the 1960- 
74 period, although the proportion of its support 
within total R&D funding has declined. Federal 
support of R&D in 1974 in current dollars was 
almost double its 1960 support and 18 percent 
higher in constant dollars (figure 2-4). The peak 
year for Federal support of R&D in constant 
dollars was 1956, followed by a 19 percent 
decline by 1974. Industry-supported R&D 
expenditures, which together with Federal 
support accounted for 96 percent of total 
national R&D expenditures in 1974, were at 
their highest level in current dollars in 1974, and 
had diminished only slightly from the 1973 peak 
year in constant dollars. 


Figure 2-1 
National R&D Expenditures, 1960-74 
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(a) GNP implicit price deflators used to convert 
current dollars to constant 1967 dollars. 


SOURCE: National Science Foundation. 


Figure 2-3 
National R&D Expenditures as a Percent 
of GNP, by Source, 1960-74 
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Figure 2-2 
Scientists and Engineers” Employed 
in R&D by Sector, 1961-74 
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(a) Full-time-equivalent basis, excluding those employed in state 
and local agencies, calculated as the yearly average. 


SOURCE: National Science Foundation. 


The share of total support of R&D expen- 
ditures borne by the Federal Government stood 
at 53 percent in 1974 (figure 2-4) compared with 
65 percent in 1965. The industry proportion 
increased from 33 percent in 1965 to 43 percent 
in 1974. The combined share contributed by uni- 
versities, colleges, and other nonprofit in- 
stitutions has ranged between 2 and 4 percent 
from 1960 to 1974. 


Even though the universities and colleges 
represent a small source of R&D expenditures, 
their contribution increased considerably during 
the period, rising from $168 million in constant 
dollars in 1960 to a high of $472 million in 1974.¢ 
This reflects, in part, the increased support 
provided to public institutions by state and local 
governments. 


Other nonprofit institutions increased their 
spending also, growing from $160 million in 
constant dollar expenditures in 1960 to a high of 
$359 million in 1973. 


° Data in this report for universities and colleges include 
only separately-organized R&D; expenditures for the usual 
teaching /research assignments of the faculty are excluded. 
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Expenditures by R&D-performing sectors 


R&D expenditures have increased in all 
performing sectors without significant interrup- 
tion from 1960 to 1974 (figure 2-5). However, in 
all sectors the constant dollar expenditures for 
1974 were less than a peak year earlier in the 
period. The largest decline in constant dollars 
has been in industry where R&Dexpenditures in 
1974 were 9 percent lower than in 1969, the year 
of peak spending, and comparable to the 1965-66 
level. 


Some changes have occurred within the 
national R&D total in the proportions accounted 
for by the four sectors. Industry’s share, the 
largest, decreased from 78 percent in 1960 to 69 
percent in 1974, even while total R&D spending 
by industry increased. The Federal intramural 
laboratories expended 15 percent of the total for 
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1974 compared to 13 percent in 1960. The 
university and college portion rose from 5 to 10 
percent from 1960 to 1974, while their 
associated Federally Funded Research and 
Development Centers remained at about 2 
percent. 


Scientists and engineers 
in R&D-performing sectors 


The number of scientists and engineers 
employed in R&D was lower in each sector in 
1974 than in some previous year (figure 2-2). In 
general, the late 1960's were the years of highest 
R&Demployment, corresponding to the years in 
which R&D funding in constant dollars was at its 
highest levels. Declines in subsequent years 
were largest in industry, where the number of 
scientists and engineers engaged in R&Din 1974 


Federal | geoe? 


Universities & Colleges 


NPI) 


was 26,000 fewer than in 1968. This sector, as 
well as Federal laboratories and universities and 
colleges, had a small increase in the number of 
R&Dscientists and engineers between 1973 and 
1974. 


The distribution of R&D scientists and 
engineers? among performing sectors has 
remained nearly the same for many years (figure 
2-3). Over two-thirds are employed in industry, 
while the Federal government and academic 
shares are nearly equal to one another— 
approximately 12-13 percent each. 


7 Full-time equivalent basis. 


Federal 


Universities & Colleges 


Basic research, 
applied research, and development 


Trends in expenditures for the three 
categories of R&D are presented in figure 2-6. 
Development efforts accounted for almost two- 
thirds of the total R&D expenditures each year 
during the 1960-74 period, applied research 
approximately 22 percent, and basic research, 
over 12 percent. 


Current dollar expenditures increased nearly 
every year for each of the three components. In 
constant dollars, however, development expen- 
ditures leveled off in the late 1960's, and were 7 
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Figure 2-6 
National R&D Expenditures 
by Character of Work, 1960-74 
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(a) GNP implicit price deflators used to convert 
current dollars to constant 1967 dollars. 
SOURCE: National Science Foundation. 


percent lower in 1974 than in 1968, the year of 
highest funding. Constant dollar expenditures 
for applied research, on the other hand, were at 
their highest level in 1973, whereas spending for 
basic research in 1974 was 10 percent lower than 
its peak level of 1968. 


Each component of R&D draws its funding 
from a different combination of sources which 
may change over time. Such a shift occurred in 
the funding of basic research during the 1960-74 
period, with the industry role becoming smaller 
while the contributory roles of the Federal 
Government and universities and colleges 
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increased. In 1974, the Government provided 68 
percent of the basic research funds, compared 
with 59 percent in 1960; universities and colleges 
furnished 11 percent in 1974 and 6 percent in 
1960, while industry supplied only 15 percent of 
the Nation’s basic research expenditures in 1974 
compared to 28 percent in 1960 (figure 2-7). 


In current dollars, 1974 was the peak year for 
basic research funding from each source. The 
magnitude of support, however, was insufficient 
to maintain the level of effort of earlier years as 
measured by constant dollars. Federal funding in 
1974 was down 13 percent from the 1968 high, 
industry support was 20 percent below its high 
of 1966, university expenditures were 10 
percent lower than in 1972, and funding by 
nonprofit institutions was down 4 percent. 


Applied research depends almost entirely on 
Government and industry support. Federal 
support in 1974 accounted for 54 percent of all 
such expenditures and industry for 41 percent. 
This pattern has been fairly consistent through 
the years. For each source of funds for applied 
research, the 1974 constant dollar expenditures 
were at or near their highest for the 1960-74 
period. 


Funding for development in 1974 was supplied 
equally by the Government and by industry, 
about 50 percent each, in contrast with 1960 
when industry’s contribution represented only 
32 percent. In current dollars, development 
expenditures from the Federal Government 
reached a high in 1974, but in constant dollars 
were 25 percent below the 1966 peak year and 
approximately the same as in 1961. Industry 
support for development, on the other hand, has 
risen to the extent that the constant dollar high 
occurred in 1973, followed by a small decline in 
1974. 


FEDERALLY FUNDED 
R&D IN FUNCTIONAL AREAS 


The financial resources provided by the 
Federal Government for R&D reflect the extent 
to which the Government depends upon R&Din 
pursuit of a range of national concerns—from 
such areas as defense, health, and energy to the 
expansion of basic scientific knowledge. These 
resources are described below in relationship to 
total Federal outlays, the R& Dcomponent of the 
“relatively controllable” portion of the Federal 


Figure 2-7 
National R&D Expenditures, by Character of Work, and Source of Funds, 1960-74 
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(a) GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 
(b) Universities, colleges and other nonprofit institutions combined. 


SOURCE: National Science Foundation. 
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budget, and the principal functional areas 
toward which R&D is directed.® 


Total Federal 
outlays and R&D obligations 


Federal expenditures for R&D (including 
R&D plant), as a percentage of total Federal 
outlays, declined appreciably after 1965, drop- 
ping from 13 percent of the total budget to 7 
percent in 1974 (figure 2-8). This reduction 
results froma mixture of rapid growth in Federal 
outlays in areas which have small R&D expen- 


Figure 2-8 

Federal Expenditures” for Research, 
Development and R&D Plant, as a Percent of 
Total Federal Outlays, and as a Percent 

of the Relatively Controllable Portion of 

tiie Federal Outlays, 1960-74 
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(a) Reported by Federal agencies. 


SOURCE: National Science Foundation. 


8 Data are available regarding R&D by functional area only 
for Federal sources. The chapter titled “Industrial R&D and 
Innovation” discusses R&D expenditures by industries and 
by product fields. 
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ditures (e.g.,income security and social services), 
and diminished expenditures for space R&D. 


Obligations for R&D may be viewed also in 
relationship to the controllable portion of the 
Federal budget. To an increasing degree, expan- 
sion of the Federal budget is due to “fixed cost 
and open ended” programs which increase by 
law, and are not established by the current 
budgetary action of either the legislative or the 
executive branches. These include various 
programs, such as income security, medical 
benefits, interest on Treasury bonds, and 
revenue sharing. When these programs are 
excluded, the remaining portion of the budget— 
the relatively controllable portion—is estimated 
to account for 46 percent ($125.4 billion) of the 
1974 Federal budget obligations; in 1967 (the 
earliest year for which such data are available), 
the controllable fraction is estimated to have 
amounted to 65 percent of total obligations.° 
Federal funds for R&D represented 15 percent 
of the relatively controllable portion of the 
budget in 1974, down from 16 percent in 1967 
but greater than the low of 14 percent in 1970 
(figure 2-8). 


Areas of Federally funded R&D 


R&D funded by the Federal Government can 
be separated into three categories in terms of 
broad function: national defense, space explora- 
tion, and “civilian” areas (such as energy, the 
environment,and health). This division is shown 
in figure 2-9 for Federal obligations.1° 


The most salient aspects of the figure are: (a) 
the large fraction of total Federal R&D 
obligations for national defense (52 percent in 
1974); (b) the rapid growth of R&Dexpenditures 
in civilian areas (up from 24 percent of all Federal 
R&D obligations in 196911 to 34 percent in 


° These estimates were obtained from Federal Funds for 
Research, Development, and other Scientific Activities, National 
Science Foundation, (NSF 74-320). The “relatively con- 
trollable” and “uncontrollable” components identified in the 
NSF report are identical, in concept and numerical value, to 
the “discretionary” and “mandatory” components defined in 
Setting National Priorities—The 1975 Budget, Brookings Institu- 
tion, 1975. 

10 See the chapter in this report, entitled, “International 
Position of U.S. Science and Technology” for a comparison of 
the U.S. with other countries regarding the distribution of 
government R&D funds among areas of national goals. 

11 Comparable data are not available for years prior to 
1969. 
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1974); and (c) the continuing decline of space 
R&D (down from 24 percent of total R&D 
obligations in 1969 to 14 percent in 1974). In the 
defense area, current dollar obligations for R&D 
in 1974 were the highest of the period, up 13 
percent over their 1969 level; in constant dollars, 
however, obligations were 17 percent lower in 
1974 than in 1969. Civilian R&D, on the other 
hand, increased in both current and constant 
dollars, rising 70 percent and 28 percent, 
respectively. Obligations for space R&D de- 
clined 33 percent in current dollars and 49 per- 
cent in constant dollars between 1969 and 1974. 
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The 1974 R&D programs within these three 
broad categories are described briefly below, 
first national defense, then space, and finally the 
civilian category—each in terms of its major 
components. !2 


National Defense. The 1974 obligations were 
directed in the main to the development of 
missiles, aircraft, defense-related atomic energy, ships and 


12 For more detailed information, see An Analysis of Federal 
R&D Funding by Function, National Science Foundation, (NSF 
74-313). 


39 


small craft, and military astronautics. The first 
subfunction, missiles and related equipment, includes 
efforts related to advanced ICBM’s, the Trident 
submarine-based missiles, and the Safeguard 
antiballistic missile system. Aircraft and related 
equipment represents work related to the B-1 
advanced strategic bomber, the EF-111A elec- 
tronic warfare support aircraft, the CH-53E 
helicopter, the A-10 close air support aircraft, 
the V/STOL aircraft, the F-15 air superiority 
fighter and the F-14 interceptor aircraft. Two 
Atomic Energy Commission (AEC) programs 
make up the atomic energy subfunction: weapons 
R&D and testing activities, and naval reactor 
development. Ships, small craft, and related equipment 
includes work on the amphibious assault landing 
craft, the Trident submarine, a prototype 
surface effects ship, and the patrol hydrofoil 
missile craft. The military astronautics subfunction 
includes such programs as the NAVSTAR global 
positioning system, the close air support weapon 
system, the precision location strike system, and 
the planning efforts related to using the NASA 
space shuttle for launching military payloads. 
The remainder of military R&D obligations are 
spread across the areas of ordnance, combat 
vehicles, military sciences, other military R&D, 
other equipment, and program-wide manage- 
ment and support. 


Space Exploration. The principal programs, in 
terms of magnitude of 1974 obligations, were 
manned space flight, space sciences, space technology, and 


supporting space activities. The main focus of the 
manned space program is the space shuttle, and the 
Apollo-Soyuz Test Project to rendezvous and 
dock U.S. and U.S.S.R. spacecraft. Within the 
space sciences, the lunar and planetary program 
represents the largest activity, followed by the 
physics and astronomy program, and the launch 
vehicle support program. Space technology consists 
of materials and structure research, develop- 
ment of guidance control systems, and develop- 
ment of information processing systems. 
Propulsion systems technology, both chemical 
and electric, is also part of this subfunction. 
Supporting space activities are related to operations 
of tracking and data acquisition networks, and 
improvement of the capabilities of specialized 
ground equipment. 


Civilian R&D. The distribution of Federal 
R&D obligations among the various civilian 
areas, as well as funds for defense and space, is 
shown in figure 2-10 for the years 1969 and 
1974. The relatively rapid growth in R&D 
obligations to the civilian sector—up from 
$3,556 million in 1969 to $6,055 million in 
1974—is due primarily to increased spending in 
the health and environmental areas, the first 
area accounting for 39 percent and the latter 17 
percent of the total growth in the civilian sector. 
The several areas comprising this sector are 
listed in the following table, along with the 
proportion of funds going to each. 


Distribution of Federal R&D obligations 
among civilian areas, 1974 
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Figure 2-10 
Federal Obligations for R&D, by Function, 1969 and 1974 
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(2) GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 
SOURCE: National Science Foundation. 


The R&D programs in the largest of these 
areas are described below in abbreviated form. 


(1) 
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Health, which consists of the subfunctions 
of biomedical research, mental health, delivery of 
health care, and drug prevention and rehabilitation. 
Biomedical research, which accounts for some 
90 percent of all Federal obligations for 
health-related R&D, includes activities of 
the nine National Institutes of Health which 
deal with specific chronic and communicable 
diseases as well as general medical sciences. 
Among these institutes, the cancer, heart 
and lung, and child health and development 
research programs have grown the most 
rapidly in recent years. The second category, 
mental health, falls entirely within the purview 
of the National Institute of Mental Health 
within HEW’s Alcohol, Drug Abuse, and 
Mental Health Administration. This activity 
received about five percent of the 1974 
Federal obligations for health-related R&D. 
Delivery of health careis composed of a number 
of HEW programs with widely different 
missions including the health services 
research and evaluation program, the 
Center for Disease Control, the maternal 
and child health services program, and the 
National Health Statistics program. The last 
category of health-related activities is drug 
prevention and rehabilitation, which includes the 
drug abuse and alcoholism research ac- 
tivities of HEW, the drug abuse program of 
the VA, and the Special Action Office for 
Drug Abuse and Prevention. 


Environment, which encompasses three 
areas: pollution control and abatement programs 
of the Environmental Protection Agency 
(EPA), the Atomic Energy Commission 
(AEC), and the Department of Transporta- 
tion (DOT); research aimed at understanding, 
describing, and predicting the environment sup- 
ported by the National Aeronautics and 
Space Administration (NASA), the National 
Science Foundation (NSF), and the National 
Oceanic and Atmospheric Administration 
(NOAA); and environmental health programs 
within the AEC, the EPA, the Bureau of 
Mines of the Department of the Interior, the 
National Institute of Environmental Health 
Sciences, the National Institute for Oc- 
cupational Safety and Health, and the Food 
and Drug Administration. 


Transportation and Communication, which 
consists of R&D in air, ground, water, and 


multimodal transportation along with 
communications-related R&D. Air transportation 
R&D is composed of NASA’s aeronautical 
research and technology program, and R&D 
supported by the Federal Aviation Ad- 
ministration and the Civil Aeronautics 
Board. Ground transportation R& Dincludes the 
R&D efforts of the following DOT 
programs—the Urban Mass Transportation 
Administration, the National Highway 
Safety Administration, and the Federal 
Railroad Administration. R&D in water and 
multimodal transportation includes programs of 
the Maritime Commission, the U.S. Coast 
Guard, and the Office of the Secretary of 
DOT. The communications subfunction is 
composed for the most part of NASA's 
communications satellite program. 


Science and Technology Base, which is 
aimed at expanding and strengthening the 
Nation’s scientific base, is for the most part 
considered to be untargeted research. Over 
three-fourths of this function is accounted 
for by NSF's Scientific Research Project 
Support Program and AEC’s Physical 
Research Program. Also included in this 
function are NSF’s National Research 
Centers, the Smithsonians’s Basic Research 
Program, and the National Bureau of 
Standards (NBS) National Physical 
Measurement System. 


Natural Resources, includes R&D activities 
aimed at improving the utilization of the 
Nation’s food, mineral, water, land, and recreation 
resources. The major programs under food 
resources are the Department of Agriculture’s 
(USDA) research into the production, 
marketing and use of agricultural products, 
and NOAA's ocean fisheries and living 
marine resources program. The mineral 
resources category is composed of four 
Department of Interior programs including 
the areas of mining technology, geological 
and mineral resource surveys, an 

metallurgy research. R&D in water resources is 
concentrated in the Department of the 
Interior under the Geological Survey and 
the Office of Water Resources. The land 
resources category consists of 10 relatively 
small programs; the largest two are the 
timber management research and the forest 
insect and disease research, both of the 
USDA. The recreation resources subfunction is 
composed of two Department of Interior 
programs—wildlife resources management 


and sport fisheries resources management. 
This Natural Resources function also in- 
cludes a multi-resource R&D effort which is 
defined as the earth observation program of 
NASA and the sea grant program of NOAA. 


(6) Energy Development and Conversion, 
which consists of subfunctions related to 
four sources of energy—nuclear, fossil fuels, 
solar and geothermal—and to one category for 
other energy R&D. Nuclear energy activities 
are concentrated in the AEC programs 
related to reactor development and safety, 
controlled thermonuclear research, and 
nuclear materials production. Fossil fuel 
research is composed of coal, petroleum, and 
oil shale R&D efforts supported by the 
Department of the Interior. Both solar and 
geothermal energy subfunctions are 
represented by the NSF projects in these 
areas. The other energy development and 
conversion subfunction is made up of 13 
programs including AEC’s applied energy 
technology program, the NSF’s energy 
research and technology program, and 
Interior’s energy conservation and analysis 
program. 


(7) Education, is composed of several HEW 
programs including the National Institutes 
of Education, the Office of Education, and 
the Office of Human Development; and the 
NSF programs of Scientific Education Im- 
provement and Institutional Improvement. 
Educational R&D is spread among a wide 
range of efforts, including the development 
of improved curricula and individualized 
instructional materials, better understand- 
ing of the learning process, and the motiva- 
tion of disadvantaged children. !3 


Basic research, applied research, 
and development in civilian R&D 


Federal obligations for R&D in civilian areas 
are directed primarily to basic and applied 
research rather than to development (figure 2- 
11), a distribution pattern quite different from 
the defense and space sectors described below 
and from the overall national R&Deffort (figure 
2-6). In 1974, funds for research accounted for 
72 percent of all civilian R&D obligations by the 


13 For information on the R&D programs in the other five 
areas of the civilian sector, see An Analysis of Federal R&D 
Funding by Function, 1969-75, National Science Foundation, 
(NSF 74-313). 


Figure 2-11 
Federal Obligations for Civilian R&D, 
by Character of Work, 1970 and 1974 
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(a) GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 
SOURCE: National Science Foundation, 


Federal Government, with 45 percent going for 
applied research and 27 percent for basic 
research. A comparison of 1970 obligations with 
those of 1974 indicates, however, a shift toward 
greater emphasis on development and applied 
research and relatively less on basic research. 
Between 1970-74, Federal obligations in current 
dollars for development and applied research 
rose by 72 percent and 64 percent, respectively, 
compared with a 36 percent increase for basic 
research (figure 2-11). 


Federal obligations for civilian basic research 
are concentrated in a few functional areas; 83 
percent of these obligations in 1974 were in the 
areas of health, natural resources, and the 
science and technology base. Of these three 
areas, only one—health—had funding increases 
between 1970-74 for basic research which were 
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sufficiently large to offset the effects of inflation 
during the period.1!4 


R&Din the defense and space sectors, as noted 
above, differs from the civilian sector in the 
distribution of funds for basic research, applied 
research, and development. In these sectors, 
development accounts for most of the R&D 
obligations, in contrast to civilian R&D where 
funds are directed primarily to research—basic 
and applied. In 1974, 80 percent of the funds for 
defense R&D were allocated to development 
activities, 17 percent to applied research, and 3 
percent to basic research. And in the space 
sector, 61 percent of the obligations went for 
development, 27 percent for basic research, and 
12 percent for applied research. 


RESEARCH EQUIPMENT AND FACILITIES 


Along with human and financial resources, 
research equipment and facilities constitute the 
elements essential for performing R&D. 
Research instrumentation provides the means 
for accurate measurement and observation, and 
facilitates data collection and analysis. Progress 
in science depends increasingly upon such 
equipment, as the phenomena under study 
become more fundamental and inaccessible to 
observation by the unaided human senses. 
Laboratories and support facilities provide the 
fixed equipment and physical plant necessary for 
R&D. Requirements in this area change as 
science advances, as new areas of research 
emerge, and as R&D is directed toward new 
objectives and problems. The excellent equip- 
ment and facilities heretofore available to the 
R&D community in this country are regarded 
generally as prime elements contributing to the 
strong international position of U.S. science. 


Research equipment 


The Federal Government is a major source of 
funding for the acquisition and maintenance of 
laboratory equipment, a large portion of which is 
included in research grants to provide the 
equipment needed for performing the research. 
In the two Federal agencies which provide the 
majority of such support, the National Institutes 
of Health and the National Science Foundation, 
the proportion of grant funds allocated for 


14 Special analysis prepared from An Analysis of Federal R&D 
Funding by Function, National Science Foundation, (NSF 74- 
313). 
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permanent laboratory equipment declined over 
the entire 1966-74 period. In both agencies, the 
proportion fell from approximately 11 percent in 
1966 to some 5 percent in 1974 (figure 2-12). For 
the National Science Foundation, this decline 
represents a 14 percent reduction in current 
dollar obligations (and 40 percent in constant 
dollars) for research equipment between 1966 
and 1974, despite the 54 percent increase in 
current dollar obligations (and 22 percent in 
constant dollars) between 1970 and 1974 (figure 
2-13).15 


Figure 2-12 

Proportion of NSF and NIH Research 
Project Grant Funds Allocated for 
Permanent Laboratory Equipment, 1966-74 


(Percent) 
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(a) Includes the National Cancer Institute, the National Institute of General 
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SOURCE: National Science Foundation and National Institutes of Health. 


15 Comparable data are not available for the National 
Institutes of Health. 


Figure 2-13 


NSF Obligations for Permanent 
Laboratory Equipment, 1966-74 
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(2) GNP implicit price deflators used to convert current dollars to constant 1967 dollars 
SOURCE: National Science Foundation 


There are other sources of support for 
research equipment within the Federal Govern- 
ment as well as the private sector, but informa- 
tion on the extent and other characteristics of 
such support is not available. General concern, 
however, has been expressed by the scientific 
community that funds for laboratory equipment 
have been deficient in recent years, with the 
result that the quality of research instrumenta- 
tion is declining. Information appearing to 
substantiate this concern was obtained in a 1971 
study of equipment needs in universities. The 
study concluded that research equipment was 


inadequate in each of the 10 scientific fields 
surveyed, and estimated the amount required to 
fill immediate needs to be some $275 million in 
these fields. 1° 


R&D plant 


Resources in this area go for the acquisition, 
construction, and major repair of R&D facilities, 
as well as for the purchase of large fixed 
equipment such as reactors, wind tunnels, and 
radio telescopes. Data are available for only one 
source of support for R&D plant—the Federal 
Government. Funds from this source, however, 
are believed to represent a large part of the total 
investment in this area, although the relative 
size of the Federal role may vary among different 
sectors. 


Federal expenditures for R&D plant are 
shown in figure 2-14. The rapid growth of 
expenditures during the early 1960’s was due 
almost entirely to the expansion of intramural 
facilities of the National Aeronautics and Space 
Administration (NASA); the decline in later 
years reflects, largely, the completion of these 
facilities. The up-turn in expenditures after 1972 
was produced by increased spending on the part 
of the Atomic Energy Commission, NASA, and 
the Department of Health, Education, and 
Welfare; funds from these agencies were 
directed in the main to industry and Federal 
intramural facilities. 


In recent years, over three-fourths of the 
Federal support for R&D plant has been 
allocated to two sectors—Federal intramural 
laboratories and industry (figure 2-15). The 
intramural laboratories received 42 percent of 
the funds in 1974, industry 35 percent, Federally 
Funded Research and Development Centers 
(FFRDC’s) administered by universities 14 
percent, universities and colleges 5 percent, and 
other nonprofit institutions 4 percent. 


Federal support for R&D plant has not kept 
pace with funds for total R&D, as is shown in 
figure 2-16, which presents the relationship 
between Federal funds for R&D plant as a 
percent of total Federal obligations for R&D. 
The early rise and latter decline in this ratio for 


16 Survey of Research Equipment Needs in Ten Academic Disciplines, 
National Science Foundation and National Academy of 
Sciences, 1972. 

17 Data for those FFRDC’s administered by industry and 
other nonprofit institutions are not separately available. 
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Figure 2-14 
Federal Expenditures 
for R&D Plant, 1960-74 
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(3) GNP implicit price deflators used to convert current dollars to constant 1967 dollars 


SOURCE: National Science Foundation. 


the Federal intramural laboratories is due mainly 
to a like pattern of change in NASA funds for 
R&D plant. The ratio for university FFRDC’s 
fluctuated from year to year, ending in 1974 at 
17 percent. In universities and colleges, on the 
other hand, the ratio decreased steadily from a 
peak in 1966 of 9 percent to a low of 2 percent in 
1974. 


DISSEMINATION OF R&D RESULTS 


The publication and dissemination of the 
scientific knowledge and technical information 
resulting from R&D are essential steps toward 
realizing the full benefits from the R&D 
investment. Such communication may not only 
prevent duplication of effort, but may also 
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hasten further advances in science and shorten 
the time between R&D and application. 18 


The total national resources directed to such 
activities are not known. Some information, 
however, is available on the funds provided by 
the Federal Government in this area. 


18 For information on Federal programs aimed at dis- 
seminating and transferring scientific and technical 
knowledge to potential users in the private and public sector, 
see Federal Technology Transfer Directory of Programs, Resources, 
Contact Points, Federal Council for Science and Technology, 
Committee on Domestic Technology Transfer, 1975. 
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Scientific and technical information (S&TI) 
activities consist of: (1) documentation, 
reference, and information services; (2) publica- 
tion and distribution; (3) symposia and audio 
visual media; (4) R&D in information sciences; 
and (5) information systems, techniques, and 
devices. Federal support for these activities 
increased six fold over the 1960-74 period!9 
(figure 2-17); in terms of constant dollars, 
however, 1968 was the year of highest funding 
followed by a leveling off through 1974. The 


19 Available data reflect only a portion of the Federal 
support for all S&TI activities, in that they include only the 
direct obligations for S&TI and not the support provided 
through R&D grants and contracts. 


ratio of total S&TI obligations to Federal R&D 
grew from .010 in 1960 to .025 in 1970, and 
remained approximately at that level through 
1974 (figure 2-17). 


Several agencies support programs in this 
area. Those which account for most of the 
Federal support are indicated in figure 2-18, 
which presents the obligated funds from each. 
The Department of Defense, through such 
programs as the Defense Documentation 
Center, supplied one-third of all Federal funds 
for S&TI in 1974. The Department of Com- 
merce provided 20 percent of the total, much of 
which is accounted for by the National Technical 
Information Service. A similar amount comes 
from a variety of programs in the Department of 
Health, Education, and Welfare, a major one 
being the National Library of Medicine. 
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Figure 2-18 


Federal Obligations for Scientific and Technical 
Information Activities, by Selected Agency, 1960-74 
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Basic Research 


INDICATOR HIGHLIGHTS 


The Nation’s total expenditures for basic 
research rose continually during the 1960- 
74 period incurrent dollars; in constant 1967 
dollars, funds for basic research in 1974 
were equal to the 1965 level, and almost 13 
percent lower than the peak year of 1968. 


Universities accounted for approximately 55 
percent of the Nation’s total expenditures 
for basic research in 1974 (versus 37 percent 
in 1960), followed by the Federal Govern- 
ment and private industry at some 15 
percent each, and other sectors with the 
remainder. 


The Federal Government provided the 
largest share of support for basic research 
during the 1960-74 period, increasing from 
nearly 60 percent of all such funds in 1960 to 
almost 70 percent in 1974; industry’s share 
declined from 28 percent in 1960 to 15 
percent in 1974, and the universities’ share 
increased from 6 to 11 percent over this 
period. 


Funds provided by the Federal Government 
for basic research increased each year 
(except for 1971) in current dollars, but 
declined 13 percent between 1968 and 1974 
in constant dollars; the largest reductions in 
constant dollars were recorded in the 
physical sciences which declined ap- 
proximately 25 percent between 1969 and 
1974. 


University expenditures for basic research 
(from all sources of support) rose con- 
tinuously in current dollars between 1960- 
74, but declined some 5 percent in constant 
dollars between 1968 and 1974; this decline 
is due to reduced growth of Federal support 
in combination with inflation. 


Basic research expenditures by academic 
institutions in 1974 were concentrated in 
the life sciences (51 percent of all expen- 
ditures), engineering (12 percent), physical 


sciences (13 percent), social sciences (8 
percent), and the environmental sciences (7 
percent). 


Federal support for basic research in univer- 
sities, which accounted for 70 percent of all 
such funds in 1974, increased in current 
dollars between 1964-74 in the broad fields 
of science and engineering; the level of 
research effort as reflected by constant 
dollar expenditures, however, was lower in 
each field in 1974 than in previous years, 
with the largest reductions occurring in 
engineering and the physical sciences. 


Federal support for universities in 1974 was 
provided primarily through six agencies— 
NSF, HEW, DOD, USDA, AEG and 
NASA—with no more than two agencies 
supplying at least 70 percent of all Federal 
basic research support in each major field of 
science; the NSF provided either the largest 
or second largest amount of funding among 
these agencies in each field. 


Expenditures for basic research per scientist 
and engineer in doctorate-granting in- 
stitutions were almost 30 percent lower in 
constant dollars in 1974 than in 1968; the 
largest decline was in physics, where reduc- 
tions were nearly 40 percent from 1966 to 
1974. 


Federal laboratories accounted for 16 per- 
cent of the total national expenditures for 
basic research in 1974; current dollar 
expenditures by these laboratories increased 
throughout most of the 1960-74 period, but 
the level of research effort in terms of 
constant dollars was some 20 percent lower 
in 1974 than in 1970, the year of highest real 
expenditures. 


Private industry was responsible for 16 
percent of the total national expenditures 
for basic research in 1974; although current 
dollar expenditures have risen, particularly 
since 1972, inflation reduced real expen- 


ditures in 1974 to approximately the same 
level as 1961. 


o The number of research publications from 
major fields of science increased generally 
throughout the 1960’s, but leveled off in 
several fields in the early 1970's; publication 
output in chemistry, engineering, and 
physics, for example, has remained at a 
nearly constant level in recent years. 


a Universities are by far the largest producers 
of published research reports with some 75 
percent of the total in 1973, followed by the 
Federal Government and private industry 
with approximately 10 percent each, and 
other nonprofit institutions with 5 percent. 


Basic research is the quest for fundamental 
understanding of man and nature, in terms of 
scientific observations, concepts, and theories. 
Such research is generally motivated by curiosi- 
ty and the desire to advance scientific 
knowledge, with the opportunities for its 
advancement determined primarily by the 
existing state of scientific understanding itself, 
rather than by practical need or potential 
application. As an activity, this research ranges 
from efforts of teams of scientists working with 
large facilities such as particle accelerators to the 
efforts of individual scientists using little or no 
research equipment. And basic research, being 
international in its nature, joins the activities of 
scientists from many countries. ! 


Although curiosity is frequently the prime 
motive of the individual scientist for performing 
research, potential applications often underlie 
the private and public support of basic research. 
There is as yet, however, no method for 
correlating the cost of such research with its 
total returns—intellectual, economic, and social. 
But the many and varied uses of basic research 
suggest that the benefits may be substantial, 
particularly in comparison with the relatively 
small investment involved. The findings of basic 
research represent much of the objective 
knowledge of the physical and social world 
which forms a major part of the educational 


1 For further discussion of international aspects of science, 
see the chapter entitled, “International Indicators of Science 
and Technology” in this report. 


o Basic research contributes increasingly to 
technological innovation, as reflected by the 
growing number of citations to research in 
patents associated with major advances in 
technology; the frequency of such citations 
increased 17 percent between the 1950's and 
1960's, while citations to other patents 
declined by almost 25 percent. 


o Research performed in universities is most 
frequently cited as the origin of patented 
technological advances, accounting for 
almost 55 percent of the cited research in 
recent years and replacing industry as the 
prime sector in which such research is 
performed. 


curriculum of the general population, while both 
the results and the conduct of such research 
constitute the core of advanced education in the 
sciences and engineering. Basic research 
provides the fundamental knowledge on which 
modern technology increasingly depends. This 
research, in addition, supplies indispensable 
knowledge for planning and directing the rest of 
the R&D effort. Finally, the maintenance of a 
wide spectrum of basic research can provide the 
new knowledge needed for responding to 
challenges in the future—challenges which may 
not be foreseen at present. 


Indicators of the state of basic research 
presented in this chapter consist largely of the 
financial resources committed to research and 
preliminary measures of outputs and_ their 
application in industrial technology. The “input” 
indicators provide information on national 
expenditures for basic research, the extent of 
research performed in universities and other 
sectors, and trends in expenditures for basic 
research in the various fields of science. “Out- 
put” indicators include publications of scientific 
research produced by different sectors in major 
fields of science, and measures of the extent to 
which such research underlies advances in 
technology. 


The present set of indicators are deficient in a 
number of major aspects. They do not encom- 
pass substantive aspects of basic research, such 
as advances in knowledge achieved in the various 
scientific disciplines. The indicators, further- 


oi 


more, do not identify the wide applications made 
of the results of this research. Nor do they 
represent the economic and social returns from 
the varied uses made of its cumulative findings. 
The present indicators, in addition, do not 
include measures of the effectiveness, or 
productivity, of the research activity. 


Besides these deficiencies, there are other 
limitations in regard to the data used for the 
present indicators. There is, for example, 
uncertainty regarding the precision with which 
“basic” research can be distinguished from 
“applied” research. A particular research effort 
may be identified as basic or applied, depending 
on whether the classification is made by the 
sponsor of the research or by the organization 
performing it. Furthermore, differences among 
sectors in the assignment of costs to basic 
research make it difficult to compare expen- 
ditures and the magnitude of research efforts 
among the sectors. Industrial firms, for example, 
include in their reported expenditures for basic 
research an annual depreciation cost of the 
facilities used in the research; universities and 
Federal laboratories do not. The construction 
costs of large, Government-financed research 
facilities such as the National Accelerator 
Laboratory are not included as basic research 
expenditures, whereas NASA, in figuring the 
costs of research using expendable space probes, 
includes the costs of spacecraft and launch 
vehicles (in compliance with NSF reporting 
requirements). 


RESOURCES FOR BASIC RESEARCH 


The Nation’s total expenditures for basic 
research increased continuously during the 
1960-74 period, rising from $1.2 billion to $4.0 
billion in current dollars (figure 3-1). In recent 
years, however, this growth has not been large 
enough to offset the eroding effect of inflation. 
As a result, the actual level of basic research 
activity—as reflected approximately by expen- 
ditures in constant dollars—peaked in 1968 and 
declined in subsequent years.? By 1974, expen- 
ditures for basic research were at their 1965 level 
in constant dollars, and 13 percent less than in 
1968. 


2The use of constant 1967 dollar expenditures to 
approximate the level of research activity is discussed in the 
preceding chapter entitled, “Resources for Research and 
Development.” 


32 


Figure 3-1 
Basic Research Expenditures, 1960-74 
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The proportion of all R&D expenditures 
reported for basic research has remained essen- 
tially constant at some 13 percent since 1965, 
after rising during the early 1960’s.3 


Expenditures by performer 


There are four major sectors of the research 
community which perform basic research: 
private industry, Federal laboratories, univer- 
sities and colleges (and the Federally Funded 
Research and Development Centers they ad- 
minister), and other nonprofit institutions 
which conduct R&D. Because these sectors have 
differing missions and purposes, two different 
definitions of basic research are used for data 


3 National Patterns of R&D Resources, 1953-75, National 
Science Foundation (NSF 75-307). 


collection. For all but the industry sector, the 
definition of basic research stresses that such 
activity be directed toward increases of 
knowledge in science with the primary aim of the 
investigator being “...a fuller knowledge or 
understanding of the subject under study, rather 
than a practical application thereof.’”4 For the 
industrial sector, to take account of an individual 
company’s commercial goals, basic research is 
defined as “.. original investigations for the 
advancement of scientific knowledge . . .which 
do not have specific commercial objectives, 
although they may be in fields of present or 
potential interest to the reporting company.’4 


4 Thid. 
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Basic Research Expenditures, by Performer, 1960-74 
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The varying levels of basic research expen- 
ditures from 1960 to 1974 are shown in figure 3- 
2 for the R&D-performing sectors. It should be 
noted that the growth in current dollar expen- 
ditures between 1968-74 was not sufficient to 
compensate for inflation in any of these major 
sectors. 


Constant dollar expenditures for basic 
research leveled off in the late 1960's for most 
sectors, and fluctuated around that level in 
subsequent years. The largest proportional 
declines between the year of peak funding and 
1974 were in industry (31 percent), whereas the 
smallest percentage decline (9 percent) occurred 
in universities and colleges. 


Constant 1967 dollars' 


(Dollars in Millions) 


3500 


3000 


1500 


1000 


— 


Universities 
and colleges 


Industry 
ee 
Tee ge 
ederal Gov FFROC'S : sss 
COON ax —— 


esi 


| Nonprofit institutions : 1 | | 
eee eee r 


66 


68 '70 


The distribution of the total funds expended 
for basic research changed significantly among 
the sectors during the 1960-74 period. The 
fraction of the total accounted for by universities 
and colleges increased from 37 percent in 1960 to 
54 percent in 1974, while industry’s fraction fell 
from 32 to 16 percent. There was little change in 
the distribution of such expenditures among the 
other sectors. 


Federal 
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Basic research support by source of funds 


The sources of expenditures for basic research 
are the Federal Government, industry, univer- 
sities, and nonprofit institutions. Funds supplied 
for such research by these sources are shown in 
figure 3-3. 


Basic research support from all sources 
increased in current dollars throughout most of 


Federal 


Industry 
oe eee 2 ee eee | 
Universities 
and colleges? ces mam = 
ere ccccceccccccccsso feces | 
- Nonprofit institutions 
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the 1960-74 period, although the annual in- 
crements were smaller after the late 1960’s—the 
same years in which inflation grew fastest. As a 
result of these trends, funding by all sources 
except nonprofit institutions declined in con- 
stant dollars with the largest absolute reductions 
occurring in Federal Government support. 
Funds from this source in 1974 were down 16 
percent in comparison with the peak funding 
year of 1968. Funds supplied by universities5 
continued to outpace inflation through 1972, but 
declined more than 13 percent between then and 
1974. Industry’s funding for basic research 
peaked in 1966 in constant dollars, then fluc- 
tuated around a somewhat lower level through 
1974. Universities, on the other hand, raised 
their share of support from 6 percent in 1960 to 
11 percent by 1974. Federal support, as a 
percentage of the total national expenditures, 
increased from 59 percent in 1960 toa high of 72 
percent in 1967 before declining to 68 percent of 
the total in 1974. 


Federal support of basic research 


The Federal Government assumed prime 
responsibility for support of basic research after 
World War II. This policy recognized the decisive 
role played by scientific knowledge in the war 
effort, and sought to strengthen the Nation’s 
basic research capability for peacetime pursuits. 
Over the past 30 years, the policy has come to be 
predicated on the broad and varied role of basic 
research in advancing the country’s defense, 
economy, health, and technology, as well as 
upon its general cultural value, in education and 
in the intellectual life of the Nation. During this 
period, many Federal agencies came to support 
basic research as an instrument in fulfilling their 
missions, and a new agency—the National 
Science Foundation—was created for the ex- 
press purpose of supporting scientific research 
and strengthening such capability. 


5 Includes funds from State and local governments, as well 
as the universities and colleges themselves. 

© Federal obligations for basic research may differ from 
federally provided expenditures in the same year for a 
number of reasons. A sector which performs research, for 
example, may report expenditures for research projects 
which it regards as “basic research,” whereas the Federal 
agency providing the support may report the same projects 
as consisting of “applied research.” In addition, obligations 
made in a given year may actually extend over several later 
years in terms of the availability of the funds for expen- 
diture. Moreover, the withholding of obligated funds may 
produce discrepancies between obligations and reported 
expenditures. 


Six of these agencies accounted for 95 percent 
of all Federal obligations® for basic research in 
Fiscal Year 1974.” 


Percent of total Federal obligations for 
basic research, by agency, 1974 


Federal agency Percent basic 


National Aeronautics and Space 


Administration (NASA)® ......... 29 
Department of Health, Education, and 

Welfare (IEW)! trersteyeieratctensterereriye cieis 23 
National Science Foundation (NSF) . 16 
Atomic Energy Commission (AEC) .. 11 
Department of Defense (DOD) ..... 10 
Department of Agriculture (USDA) . 6 


Basic research and total R&D. Basic research 
funded by each of these Federal agencies, and 
performed intramurally or by other sectors, is a 
part of the overall R&D effort of that agency. 
The magnitude of the basic research component, 
in relationship of the total R&D program, 
suggests the relative importance assigned to 
basic research by the agency. This ratio is shown 
in figure 3-4 for each of the six agencies. 


For all agencies as a whole, the ratio has 
increased slowly, reaching 15 percent of all R&D 
obligations in 1974. Obligations for basic 
research increased 20 percent between 1971-74, 
compared with a 14 percent increase for all R&D 
obligations. 


The NSF has the largest ratio by far, as would 
be expected in view of its designated role in the 
support of basic research. Recent declines in this 
agency's concentration on basic research—down 
from just over 90 percent of its total R&D 
obligations in the mid-1960’s to approximately 
80 percent in 1974—are due to initiation of such 
new and largely applied research programs as 
“Research Applied to National Needs.” 


Two other agencies—NASA and HEW—show 
sizable changes in recent years in the fraction of 
their total R&D expenditures which is directed 
to basic research. The fraction for NASA has 


7 Federal Funds for Research, Development, and Other Scientific 
Activities, Fiscal Years 1973, 1974 and 1975, Vol. XXIII, National 
Science Foundation (NSF 74-320-A). 

8 NASA considers all of its activities to be R&D, or in 
support of R&D. The agency’s obligations for basic research 
(as well as for applied research and development) include the 
related costs of spacecraft, launch vehicles, tracking and data 
acquisition, and the pro rata costs of ground operations and 
agency administration. 
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USDA 


ranged from a low of 11 percent in the mid- 
1960's to some 25 percent in the 1972-74 period, 
with much of the latter growth coinciding with 
reduced obligations for the manned-space 
program. Basic research obligations by HEW 
show a lorig-term decline, as a percentage of the 
agency’s obligations for all R&D; increase in life 
sciences research “targeted” toward specific 
disease areas accounts in part for the declining 
fraction of basic research obligated in recent 
years by this agency. 
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Basic research obligations. Obligations for 
basic research alone are shown in figure 3-5 for 
each of the six agencies, as well as for all other 
agencies combined. Current dollar obligations 
were higher in 1974 than 1973 in each of the six 
agencies other than DOD and NASA. In 
contrast, constant dollar obligations declined in 
all agencies other than HEW. 


The principal scientific disciplines supported 
by each of these agencies? and the agency 
missions which generated the need for basic 
research in 1974 were: 


NASA. The physical and environmental 
sciences receive some 75 percent of all 
NASA‘s basic research obligations, primarily 
in connection with lunar and space explora- 
tion. 


HEW. Some 80 percent of HEW’s obligations 
for basic research are directed to the life 
sciences, principally for biomedical research, 
and almost 6 percent to the social sciences 
for research in areas such as education and 
drug abuse. 


NSF. Over 30 percent of this agency’s basic 
research obligations are for the physical 
sciences, with 23 percent for the en- 
vironmental sciences, 16 percent for the life 
sciences, and 11 percent for engineering. 
The broad purpose of the research is to 
advance the state of basic scientific 
knowledge. 


AEC. The physical sciences receive almost 
80 percent of AEC’s_ basic research 
obligations and the life sciences nearly 13 
percent—principally in high energy physics 
and in nuclear sciences. The purpose of this 
research is to generate the foundation for 
the development and utilization of atomic 
energy. 


DOD. Engineering accounts for 29 percent 
of DOD's obligations for basic research, 
physical and environmental sciences 22 
percent each, and the life sciences about 12 
percent. The prime aim of the research is to 
provide the fundamental knowledge needed 
for developing future military systems and 
improved operations. 


USDA. The life sciences receive some 70 
percent and the physical sciences nearly 15 


° Federal Funds for Research, Development, and Other Scientific 
Activities, Fiscal Years 1973, 1974 and 1975, Vol. XXIII, National 
Science Foundation (NSF 74-320-A). 
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The large amounts reported by NASA for basic research are due to the substantial cost of support equipment such as spacecraft 
and launch vehicles peculiar to space exploration, and the statistical proration of costs for tracking and data acquisition 


SOURCE: National Science Foundation. 


percent of all USDA's basic research 
obligations, as a part of the agency’s R&D 
aimed at improving animal and plant produc- 
tivity and enhancing the use of natural 
resources related to agriculture. 


The proportion of total Federal obligations for 
basic research provided by each of these agencies 
shifted considerably in the period 1960-74. The 
Department of Defense provided 28 percent of 


the total basic research obligations in 1960, 
compared to 10 percent in 1974. This decline 
may be due, in part, to the “Mansfield amend- 
ment” which restricted the DOD to the funding 
of research related directly to its mission. The 
proportion supplied by NASA declined from a 
high of 33 percent in 1964 to 29 percent in 1974, 
reflecting both changes in the mission of this 
agency and the faster growth of basic research 
obligations in some other agencies. 
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Accompanying the declines in DOD and 
NASA were recent increases in the fractions 
provided by HEW and NSF, with the former 
accounting for 23 percent of total obligations in 
1974 (versus 17 percent in 1960), and the latter 
16 percent (versus 11 percent in 1960). Much of 
the growth in HEW’s share during the period 
occurred in 1973 and 1974 in connection with 
increased funding for cancer research; similarly, 
a large part of the growth in NSF's share took 
place in the years after 1970, as a result of 


Figure 3-6 


increasing obligations for basic research in 
virtually all major scientific disciplines. 


Basic research obligations in scientific areas. 
An overview of the distribution of Federal 
support for basic research by scientific area is 
presented in figure 3-6.1° The five broad areas 
shown in the figure accounted for 95 percent of 


10 See Appendix table 3-6 for disaggregated data for 
certain disciplines and Appendix table 3-6a for a listing of the 
scientific disciplines encompassed in these broad fields. 


Federal Obligations for Basic Research, by Selected Fields of Science, 1960-74 
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Federal obligations for basic research in Fiscal 
Year 1974. Three of the areas—life, physical, and 
social sciences—had reached their highest level 
of current dollar obligations in 1974, whereas 
obligations for the environmental sciences and 
engineering declined after 1972. In constant 
dollars, basic research obligations for all areas 
other than the life sciences were lower in 1974 
than in some previous year. The largest decline 
occurred in the physical sciences, where con- 
stant dollar obligations decreased by 24 percent 
between 1969 and 1974. 


A major and rapid shift in the distribution of 
basic research obligations among these areas of 
science occurred in the life and physical sciences. 
The proportion of obligations for the life 
sciences increased from 27 percent of the total 
obligations in 1969 to 34 percent in 1974. Over 
the same period, the fraction of total basic 
research obligations for the physical sciences 
dropped from 39 percent in 1969 to 32 percent in 
1974. This shift from the physical to the life 
sciences is due to reductions or relatively slow 
growth in basic research obligations from DOD, 
NASA, and the AEC—the major sources of 
funding for the physical sciences—coupled with 
substantial increases in HEW’s obligations for 
the life sciences (figure 3-5). 


Within these broad areas, large changes have 
occurred in individual fields in recent years 
(Appendix table 3-6). In the area of physical 
sciences, for example, Federal obligations for 
basic research in physics were at their highest 
level in 1967 in constant dollars before declining 
28 percent by 1974 when obligations were 
approximately at a pre-1963 level. In the life 
sciences, basic research obligations for the 
biological sciences grew steadily, whereas 
clinical medical sciences declined 58 percent in 
constant dollars between the peak funding year 
of 1967 and 1974. 


BASIC RESEARCH IN UNIVERSITIES AND 
COLLEGES 


Universities and colleges perform the bulk of 
the Nation’s basic research. They accounted for 
54 percent of the total national expenditures for 
such research in 1974 (figure 3-2). The presently 
dominant position of these institutions in 
fundamental research is the culmination of a 
long-term trend. In 1953, universities and 
colleges accounted for only 26 percent of the 
total expenditures for basic research, compared 


with 35 percent for industry and 24 percent for 
intramural research by the Federal Government. 
As funding of basic research rose over the 
years—primarily as the result of increasing 
Federal support—the fraction of the total going 
to universities and colleges grew rapidly, much 
more rapidly than funding in the industry and 
Federal intramural sectors. In consequence, the 
percentage of the total funds for basic research 
accounted for by these two sectors had declined 
to 16 percent each in 1974. There was little 
change in the share of basic research expen- 
ditures accounted for by the nonprofit in- 
stitutions and the university FFRDC’s, with each 
accounting for some 7 percent of basic research 
expenditures throughout the last decade 
(Appendix table 3-2). 


The significant role of universities and 
colleges in basic research is reflected also in the 
fact that scientists and engineers employed by 
these institutions are responsible for a large 
proportion of all U.S. scientific research 
reports—approximately three-fourths of the 
total in 1973 (Appendix table 3-21). The research 
performed by these institutions, moreover, is 
increasingly the basis for advances in technology 
(figure 3-25). 


Basic research in universities and colleges 
ranges from the efforts of individual scientists 
and engineers to those of large research teams 
which often are organized around the use of 
unique equipment and facilities. Most of the 
research takes place in universities which have 
graduate-level programs offering doctorate 
degrees; these institutions reported 98 percent 
of all academic basic research expenditures in 
1974.11 This concentration reflects, in part, the 
close relationship between research and 
graduate education in science and engineering. 
Research is an integral part of graduate educa- 
tion in these areas and, indeed, students are 
involved in performing much of the research. 
Graduate students in chemistry, for example, 
were coauthors of 56 percent of the research 
reports published in 1971 by institutions awar- 
ding doctorate degrees in that field.12 


Expenditures by universities and colleges for 
basic research (from all funding sources com- 
bined) increased continuously from 1960 to 1974 


11 Expenditures for Scientific and Engineering Activities at Univer- 
sities and Colleges, FY 1973, National Science Foundation (NSF 
75-316-A). 

12 Directory of Graduate Research, American Chemical Society, 
1971. 
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in current dollars, although the annual rate of 
growth diminished after 1968 (figure 3-7).13 
This decline in the growth rate, coupled with 
rising inflation, produced a level of constant 
dollar expenditures which changed little during 
the 1968-72 period. Small constant dollar 
increases in 1971 and 1972 were succeeded by 
larger decreases in the two following years, with 
the result that basic research expenditures in 
1974 were 9 percent lower than in 1972, the year 
of highest constant dollar funding. 


13 These expenditure data are for R&D which has been 
sponsored by other agencies and organizations, as well as 
R&D supported by an institution's own funds which it 
allocates to separately organized institutes, divisions, or 
specific R&D projects. They do not include the expenditures 
for research/teaching assignments of the faculty 
(departmental research). Expenditures associated with 
FFRDC’s administered by universities are treated later in 
this chapter. 
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The leveling off and decline in constant dollar 
expenditures for basic research is due mainly to 
reduced growth of funding by the Federal 
Government (figure 3-7), in combination with 
inflation. The scientific fields most affected by 
these declines were the physical sciences (par- 
ticularly physics) and clinical medicine (see 
figure 3-9 and Appendix table 3-9). 


Sources of funds for basic research 


The sources of financial support for basic 
research in universities and colleges are shown 
in figure 3-7. The largest of these—the Federal 
Government—provided substantial annual in- 
creases in current dollars between 1960-68, but 
reduced significantly the average annual in- 
crements in later years. Translated to constant 


dollars, Federal funding for basic research 
reached a maximum in 1968 and declined a total 
of 13 percent by 1974. In spite of the slowed 
growth in current dollars, the Federal Govern- 
ment provided 70 percent of all funds expended 
by the academic sector for basic research in 
1974—down, however, from the high of 77 
percent which prevailed between 1964-67. 


Funds provided by “All other sources”!4 for 
basic research in figure 3-7 increased in both 
current and constant dollars until 1972—thus 
replacing some of the reduced Federal support— 
before declining 11 percent in constant dollars by 
1974. These sources of support accounted for 27 
percent of the total support for basic research in 
these institutions in 1974. 


Basic research in fields of science 


Estimates of total academic expenditures for 
basic research in selected fields of science are 
presented in figure 3-8.15 These estimates are 
based upon a survey conducted by the National 
Science Foundation in which universities and 
colleges report their total research and develop- 
ment expenditures for each of several fields of 
science, as well as the percentages of the total 
R&D expenditures (over all fields combined) 
which are given to basic research, applied 
research, and development. This information is 
correlated with other factors—such as the 
source of the research support and the type of 
academic institution which performed the 
research—in deriving the estimates of expen- 
ditures for basic research in the individual 
scientific fields. Because these data are es- 
timates, and may differ from actual expen- 
ditures, they should be regarded only as ap- 
proximations. !° 


The six broad areas of scientific research 
indicated in figure 3-8 received almost 90 
percent of all expenditures for basic research in 
universities and colleges in 1974.15Expenditures 
for fundamental research in these institutions 
are concentrated in the life science fields of 
clinical medicine and the biological sciences; 51 
percent of all basic research expenditures in 1974 


14 This includes universities and colleges, State and local 
governments, and other nonprofit institutions. 

15 See Appendix table 3-8a for a listing of the scientific 
disciplines encompassed by these broad fields and Appendix 
table 3-8 for more detailed data for certain disciplines. 

le The feasibility of obtaining data directly on basic 
research expenditures in individual fields of science is being 
investigated and may be attempted in future NSF surveys. 


was in these fields. About one-fourth of the total 
expenditures was divided almost equally 
between engineering and the physical sciences 
(principally physics and chemistry), while the 
social sciences received 8 percent and en- 
vironmental sciences 7 percent of the total 
(Appendix table 3-8). 


In current dollars, basic research expenditures 
increased between 1973 and 1974 in all areas 
except engineering. In constant dollars, 
however, a reduction in basic research spending 
was recorded in all fields other than the 
environmental sciences and clinical medicine, 
with the largest declines occurring in engineer- 
ing and the biological sciences. 


Federal Government support of basic research 


Current dollar expenditures from Federal 
Government sources for basic research in 
universities and colleges increased throughout 
most of the 1964-74 period for each of the six 
broad fields of science and engineering, except 
for a 14 percent decline in engineering expen- 
ditures from 1973 to 1974 (figure 3-9).17 
Increases in the level of support after 1968, 
however, were less than increases in inflation in 
all fields other than the environmental and 
biological sciences. As a result, the magnitude of 
the federally funded research effort—as 
measured by constant dollar expenditures—was 
lower in 1974 than in some previous year in each 
of the six fields. The fields with the largest 
reductions were engineering, the physical 
sciences, and clinical medicine, which recorded 
declines of 26, 30, and 10 percent, respectively, 
between 1968 and 1974 (see Appendix table 3-9). 


The Federal Government, as noted earlier, 
provided 70 percent of all funds expended by 
universities and colleges for basic research in 
1974. The dependence on this source of support, 
while varying from field to field, declined over 
the last decade in all fields other than the 
biological sciences, as shown below: 


17 These data are estimates based on the same NSF survey 
as the total expenditures for basic research in academic 
institutions presented in figure 3-8. 
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research expenditures 
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Figure 3-8 


Support by Federal agencies. The six Federal 
agencies mentioned earlier accounted for 98 
percent of total Federal obligations to univer- 
sities and colleges for basic research in 1974, 
with the NSF and HEW alone providing 74 
percent of all such obligations. The individual 
Federal agencies differ greatly in the proportion 
of their total obligations for basic research which 
they direct to universities and colleges.18 Of the 


18 Federal Funds for Research, Development, and Other Scientific 
Activities, Fiscal Years 1973, 1974 and 1975, Vol. XXIII National 
Science Foundation (NSF 74-320-A), and earlier volumes in 
this report series. 


Estimated Basic Research Expenditures in Universities and Colleges, 


by Field of Science, 1964-74 
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six agencies noted earlier, NSF and HEW 
allocated the largest fraction of their total basic 
research obligations to educational institutions 
in 1974 (84 and 70 percent, respectively), 
followed by DOD (44 percent), USDA (24 
percent), AEC (21 percent), and NASA (6 
percent). 


Figure 3-9 


Comparably large variations exist among the 
agencies in respect to the allocation of basic 
research obligations for broad fields of science 


and engineering at universities and colleges, 
shown in the following table. 


Estimated Federal Basic Research Expenditures in Universities and Colleges, 


by Field of Science, 1964-74 
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1 GNP implicit price deflators used to convert 
current dollars to constant 1967 dollars. 
SOURCE: National Science Foundation. 
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Percentage of total basic research obligations directed 
to universities and colleges, by field, 197419 


Fields of science2° NSF HEW DOD USDA AEC NASA 
Mifersciences® sa tict.cotemee nian ene he 83 73 30 24 29 3 
Physicall sciences) 2/c.citattes.s taaiscte dyrsteraccls 82 84 36 8 19 11 
Environmental sciences ............2-e00: 63 - 54 22 — 6 
Engineerinpe rags tea carciccsc doce a eerie 97 92 40 12 25 12 
Social Sciences? resections semi ce vee eae eee 90 37 _ 56 _ — 


These fields of science and engineering are 
supported by various combinations of Federal 
agencies, as indicated in figure 3-10 which 
presents the proportion of Federal obligations 
provided by each of the six agencies to univer- 
sities and colleges for basic research in each 
major field. The figure indicates that either one 
or two agencies alone provided at least 70 
percent of all Federal obligations for basic 
research in each field. The NSF and HEW 
together, for example, provided nearly 90 
percent of all federally obligated dollars for basic 
research in the life sciences in 1974, almost 83 
percent of the obligations for psychology and the 
social sciences, and approximately 75 percent for 
chemistry. Similarly, two agencies (DOD and 
NSF) accounted for more than 85 percent of the 
six agencies’ obligations for the environmental 
sciences and some 80 percent of those for 
engineering, while the AEC and NSF in com- 
bination provided nearly 80 percent of all 
obligations for physics research in universities 
and colleges. 


The fact that the NSF in 1974 provided either 
the largest or next largest amount of basic 
research obligations in the several fields—and 
nearly 35 percent of all obligations from the six 
agencies—underscores the extent of dependen- 
cy on that agency by universities and colleges for 
support of basic research. 


Institutional concentration of basic research 


Basic research is concentrated in institutions 
which award advanced degrees in science and 
engineering. The 280 universities which grant 
doctorate degrees in the sciences and engineer- 
ing accounted for 98 percent of academic basic 
research expenditures in 1974, with 82 percent 


19 Ibid., and special tabulations. 
20 See Appendix table 3-6a for descriptions of these fields. 
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of the total expenditures concentrated in 100 
such institutions.?1 Little change occurred in this 
pattern of institutional concentration during the 
1964-74 period as shown in the table below, 
although there were considerable shifts in the 
positions of specific institutions. 


Percentage of expenditures for basic research 
by groups of institutions ranked in order 
of expenditures, 1964 and 1974 


First First First First First First 
Year 10 20 40 60° 80 100 
1964 ........ 25 41 60 72 (NA NA 
OAL ee te ee. 24 39 «+59 «+72 ~ «81 86 
The institutional concentration of R&D 


expenditures varies among the five broad 
scientific areas (figure 3-11).22 The life sciences 
exhibited the least concentration in 1974, and 
the environmental sciences the greatest. The 
social sciences, physical sciences, and engineer- 
ing had similar patterns of distribution or 
concentration, although varying considerably 
among individual institutions. The ten academic 
institutions with the largest R&D expenditures 
in the life sciences, for example, reported 23 
percent of the total for all universities in 1974, 
compared with a concentration of 47 percent of 
all environmental science R&D expenditures in 
the first ten institutions for that field. No 
university ranked among the first ten in all five 
fields, and only one university held this position 
in four of the fields—reflecting a diversity of 
field concentration patterns even within the 
major research universities. 


21 Expenditures for Scientific and Engineering Activities at Univer- 
sities and Colleges, FY 1973, National Science Foundation (NSF 
75-316-A), and special tabulations. 

22 Data on basic research expenditures alone are not 
available for separate fields of science and individual 
institutions. An approximation is available, however, in the 
form of total R&D expenditures by these institutions in 
scientific fields, the largest component of which is basic 
research. 


Figure 3-10 


Federal Obligations for Basic Research in Universities and Colleges, 
by Selected Supporting Agencies and by Selected Fields, 1973-74 


(Dollars in Millions) 
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1 GNP implicit price deflators used to convert 
current dollars to constant 1967 dollars. 


SOURCE: National Science Foundation. 
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Figure 3-11 

Concentration of R&D Expenditures 
at the 100 Universities and Colleges 
with the Greatest Expenditures 

in Selected Fields, 1974 


(Percent) * 
100 
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Cumulative R&D expenditures by field 
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1 Based on total R&D expenditures in individual fields. 
SOURCE: National Science Foundation. 


Basic research expenditures 
per scientist and engineer 


Basic research expenditures in doctorate 
institutions23 reached their highest level in 1972 
in constant dollars and then dropped nearly 15 
percent over the next two years (see Appendix 
table 3-12), while the number of scientists and 
engineers in these institutions rose continuously 
through 1974. This increase of scientists and 
engineers was due partially to an expanding 
number of institutions awarding doctorate 


23 Those granting doctorates in at least one science or 
& & 
engineering field. 
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degrees in a science or engineering field—224 
such universities in 1969 compared with 280 in 
1974—as wellas increases in the number of such 
personnel at existing doctorate-level in- 
stitutions. 


These trends—an increase in the number of 
scientists and engineers and a drop in real 
expenditures for basic research—have produced 
a reduction of almost 30 percent in constant 
dollar expenditures per scientist and engineer in 


as Federal 
mas Non-Federal 


All sources 


doctorate institutions since 1968 (figure 3-12). A 
slight shift from expenditures for basic to 
applied research occurred after 1972 and is one 
reason for this decline, the inclusion of scientists 
and engineers from the new doctorate in- 
stitutions is another, and the reduction in 
constant dollar expenditures, particularly those 
supported by the Federal Government, is a third 
factor. Federal funds for basic research per 
scientist and engineer declined almost 30 percent 
between 1968 and 1974. Funds from other 
sources decreased by a similar percentage after 
1972, but the reduction in absolute terms was 
much less than the Federal declines. 


The reductions in real expenditures for basic 
research per scientist and engineer have oc 
curred in several fields,24 as shown in figure 3- 
13. The largest decline was recorded in physics, 
where such expenditures dropped almost 40 
percent between 1966 and 1974. Decreases in 
this field were due primarily to declines in 
funding, rather than to increases in the number 
of physicists. 


BASIC RESEARCH IN 
FEDERALLY FUNDED RESEARCH 
AND DEVELOPMENT CENTERS 
ADMINISTERED BY UNIVERSITIES 


Federally Funded Research and Development 
Centers (FFRDC’s) are organizations financed 
exclusively or primarily by the Federal Govern- 
ment to perform R&D in relatively specific 
areas, or in some instances to provide facilities at 
universities for research and associated training 
purposes. The Centers usually have a direct and 
long-term relationship with their funding 
agency, making it possible for them to maintain 
instrumentation, facilities, and operational 
support beyond the capabilities of single 
educational or research institutions. Non- 
Federal organizations—academic, industrial, or 
nonprofit—administer the FFRDC’s. 


In 1974, FFRDC’s administered by universities 
accounted for 7 percent of the Nation’s total 


24 The actual cost of conducting research differs substan- 
tially from field to field, reflecting in part the extent to which 
research depends upon special equipment, facilities, and 
technical support staff. 


Figure 3-13 


Estimated Basic Research Expenditures 
in Doctorate-granting Institutions per 
Scientist or Engineer’ by Selected 
Fields, 1966-74 
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1 Full-time equivalent basis. 


2 GNP implicit price deflators used to convert 
current dollars to constant 1967 dollars. 


SOURCE: National Science Foundation. 


basic research expenditures,25 and 86 percent of 
the Federal obligations for all FFRDC’s.?* These 
Centers and their sponsoring agencies are: 


Atomic Energy Commission 


Ames Laboratory 
Argonne National Laboratory 
Brookhaven National Laboratory 


25 National Patterns of R&D Resources, 1953-75, National 
Science Foundation, (NSF 75-307). 

26 Federal Funds for Research, Development, and Other Scientific 
Activities, Fiscal Years 1973, 1974 and 1975, Vol. XXIII, National 
Science Foundation (NSF 74-320-A). 
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Cambridge Electron Accelerator 

Fermi National Accelerator Laboratory 
E.O. Lawrence Berkeley Laboratory 
E.O. Lawrence Livermore Laboratory 
Los Alamos Scientific Laboratory 

Oak Ridge Associated Laboratory 
Plasma Physics Laboratory 

Stanford Linear Accelerator 


Department of Defense 


Applied Physics Laboratory 
Applied Research Laboratory 
Center for Naval Analyses 
Lincoln Laboratory 


National Aeronautics and 
Space Administration 


Jet Propulsion Laboratory 
Space Radiation Effects 
Laboratory 


National Science Foundation 


National Astronomy and 
Ionosphere Center 

Cerro Tololo Inter-American 
Observatory 

Kitt Peak National Observatory 

National Center for 
Atmospheric Research 

National Radio Astronomy 
Observatory 


In current dollars, expenditures by university- 
managed FFRDC’s for basic research were at 
their highest level in 1973 and declined slightly 
in 1974 (figure 3-14). In constant dollars, 
however, basic research expenditures in 1974 
were almost 25 percent less than those of the 
1968 peak year and approximately equal to 
expenditures in 1964. Data are not available on 
expenditures for specific scientific fields, but it is 
apparent from the above listing of the Centers, 
and the Federal agencies involved, that the basic 
research is predominantly in the physical 
sciences and engineering. The proportion of all 
R&D expenditures in FFRDC’s reported as basic 
research has remained at nearly 35 percent in the 
last few years.?7 


Although some of the FFRDC’s are permitted 
to receive support from sources other than the 
Federal Government, such funds amounted to 
less than 1 percent of their total funding in 1974. 


27 See Appendix table 3-14. 
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Figure 3-14 


Basic Research Expenditures at Federally 
Funded Research and Development Centers 
Administered by Universities, 1964-74 


(Dollars in Millions) 
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1 GNP implicit price deflators used to convert 
current dollars to constant 1967 dollars. 
SOURCE: National Science Foundation 


BASIC RESEARCH IN 
INTRAMURAL FEDERAL LABORATORIES 


Several agencies of the Federal Government 
operate their own R&D laboratories as part of 
their effort to meet the research needs 
associated with their agency mission and 
program objectives. Intramural laboratories 
were responsible for 16 percent of the total basic 
research expenditures and 23 percent of all 
federally supported basic research in 1974. 
About 94 percent of all such research in 1974 
was undertaken by the six agencies indicated in 
figure 3-15. Examples of such laboratories are 
the Goddard Space Flight Center of NASA, the 
National Animal Disease Laboratory of USDA, 


Figure 3-15 


Federal Obligations for Intramural Basic Research, by Selected Agencies, 1960-74 
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2The large amounts reported by NASA for basic research are due to the substantial cost of support equipment such as spacecraft 
and launch vehicles peculiar to space exploration, and the statistical proration of costs for tracking and data acquisition. 


SOURCE: National Science Foundation. 


and the R&D Institute at the National Cancer 
Institute of HEW.28 


Current dollar funding for basic research in 
these laboratories increased steadily from 1960 


28 For further information on the utilization of intramural 
Federal laboratories see: U.S. Congress, House Committee 
on Appropriations, Agriculture-Environmental and Con- 
sumer Protection Appropriations for 1975; Part 7, Investigative 
Report on the Utilization of Federal Laboratories - 93rd Cong., 2nd 
Sess., 1974. 


to 1970, and then after a slight decline in 1971 
had risen again by 1974.29 In constant dollars, 
however, 1974 funding was approximately equal 
to that of 1965, and down 22 percent from the 
peak year of 1970. 


The constant dollar decline in intramural basic 


research funding is evident in all major agencies 


2° See Appendix table 3-15. 
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except the Department of the Interior (figure 3- 
15). In the case of NASA, HEW, and Commerce, 
the year of highest funding of intramural basic 
research support was 1970, after which funding 
decreased in each of the agencies. By 1974, 
NASA's funding had declined more than 25 
percent over its 1970 level, HEW by 40 percent, 
and Commerce by almost 70 percent. Basic 
research in DOD and USDA _ intramural 
laboratories received the highest level of con- 
stant dollar support in 1972. The DOD program 
declined by just over 20 percent while the USDA 
program remained fairly constant through 1974. 
In contrast, the Department of the Interior 
obligations for intramural basic research 
reached their highest level in 1974. 


BASIC RESEARCH IN INDUSTRY?° 


Basic research consists of original in- 
vestigations for the advancement of scientific 
knowledge which has no specified commercial 
objective, although the research may be within 
the general area of a company’s interest. Such 
research, which is conducted largely by 
manufacturing industries, may provide a 
technical basis for product improvement, expan- 
sion or new business, and a defense against 
technological obsolescence. 


Expenditures for basic research in industry 
represented 16 percent of the total national 
funds spent for basic research in 1974, but only 3 
percent of all R&D expenditures in industry.*! 
Although the current dollar total from all 
sources has risen, particularly since 1972, the 
effect of inflation has been to reduce the 1974 
basic research expenditures in industry to 
approximately the same level as 1961 (figure 3- 
16). Federal support has dropped 12 percent 
since 1971 in constant dollars compared to a 3 
percent increase of non-Federal basic research 
expenditures. The proportion of basic research 
in industry which has had Federal support has 
been about 22 percent for the last three years, 
compared to 32 percent in 1967. 


Over three-fourths (78 percent) of the 1973 
basic research expenditures in industry were 
accounted for by only four industries (figure 3- 
17): chemicals and allied products (37 percent), 
electronic equipment and communications (28 


30 A more comprehensive discussion of R&D in industry is 
found in a later chapter entitled, “Industrial R&D and 
Innovation.” 

31 National Patterns of R&D Resources, 1953-75, National 
Science Foundation (NSF 75-307). 
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percent), aircraft and missiles (9 percent), and 
machinery (4 percent). 


For the most part, basic research in industry is 
concentrated in the physical sciences and 
engineering (some 80 percent in 1973). Expen- 
ditures in the physical sciences, however, have 
declined significantly since the late 1960’s, in 
both current and constant dollars (figure 3-18), 
while engineering expenditures reached their 
highest level in 1973 in current dollars. Constant 
dollar expenditures in the life sciences, on the 
other hand, grew substantially in the late 1960's 
before peaking in 1971 and then declining. 


BASIC RESEARCH IN 
NONPROFIT INSTITUTIONS 


Independent nonprofit institutions are 
organizations other than educational  in- 
stitutions chartered to serve the public interest, 
and include research institutes, hospitals, 
private foundations, science exhibitors, 
professional societies, trade associations, and 
FFRDC’s administered by such nonprofit in- 
stitutions. Although the largest single category 
is the research institutes, the others generally 
perform other services in addition to research, 
such as patient care or charitable activities. 


These institutions were responsible for 7 
percent of the Nation’s expenditures for basic 
research in 1974, a fraction which changed little 
during the 1960-74 period. Current dollar 
expenditures for basic research in nonprofit 
institutions reached their maximum in 1974 
(figure 3-19). In terms of constant dollar 
expenditures, funds for basic research in 1974 
were comparable in magnitude to the funding 
level of earlier years (1971 and 1962-63), and 
approximately 20 percent lower than the year of 
highest funding which was 1966. 


Federal sources provide the greatest part of 
support for basic research in these institutions 
and have a large impact on the total level of 
funding in any given year. In 1974, Federal 
support accounted for 53 percent of all basic 
research expenditures in nonprofit institutions, 
compared to 58 percent in 1966 and 50 percent in 
1960. In contrast to the fluctuating Federal 
funding, support from other sources rose 
comparatively steadily, although slowly. 


Over the 1960-74 period, basic research as a 
proportion of total research and development 
expenditures by these institutions declined from 
38 percent to 22 percent. 
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RESEARCH OUTPUTS 
AND APPLICATIONS 


Subsequent sections of this chapter present 
the results of experimental studies aimed at 
measuring a part of the output of research and a 
portion of its applications. The studies repre- 
sent, at best, small steps in these directions. 


Output of scientific research literature 


Information on the quantity and sectoral 
origin of published research reports from several 
fields of science was obtained from a study 
conducted by the National Federation of 
Abstracting and Indexing Services.32 The study, 


32 Indicators of the Output of Scientific Research, National 
Federation of Abstracting and Indexing Services, 1974 (A 
study commissioned specifically for this report, and funded 
largely by the Office of Science Information Service, 
National Science Foundation). 
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in brief, involved the selection of a set of 
scientific and engineering journals which was 
representative of the total literature in each 
field. This was accomplished largely through the 
guidance of the Federation’s member services 
and by advice from experts active in the fields. 
On a sampling basis, individual reports in the 
journals were examined to determine the first 
author’s institutional affiliation: academic, 
government, industry, or other nonprofit 
organization. The sample of reports was 
restricted to those whose first authors were 
affiliated with U.S. institutions. 


The data obtained from the study were used to 
develop preliminary measures of the relative 
growth of several fields of science and engineer- 
ing in terms of their publication output, the roles 
of the different sectors in the overall research 
effort of each field, and the relationship between 
the research output and financial inputs. 
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Growth in research output. The extent and 
pattern of the relative growth in research 
publications are shown in figure 3-20 for each of 
13 fields of science and engineering. The fields 
listed in this figure are presented in descending 
order with respect to the magnitude of their 
relative growth in publications during the 1960- 
73 period. The fields included in the top part of 
the figure grew by more than 200 percent during 
the period, those in the second plot by more than 
100 but less than 200 percent, those in the third 
by more than 75 but less than 100 percent, and 
those in the bottom plot by less than 75 percent. 


The fields differ considerably in their pattern 
of growth. For example, research publications in 
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physics, chemistry, and engineering}: (third plot 
from top) have remained at nearly a constant 
level since the late 1960’s, whereas astronomy 
and biology (second plot from top) grew 
continuously throughout the period. The field of 
oceanography exhibits one of the more complex 
and unusual growth patterns; research 
publications in that field rose rapidly until 1969, 
but declined in most subsequent years.34 


33 These fields, as noted later in this chapter, play a large 
role in technological innovation. 

34 For information on the U.S. output of scientific research 
in an international context, see the chapter entitled, 
“International Indicators of Science and Technology” in this 
report. 
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Research output by sectors. The research 
publications produced by each _ sector— 
university, government, industry, and other 
nonprofit organizations—are shown in figure 3- 
21 for five selected fields. (Data for each of the 13 
fields are presented in Appendix table 3-21). 


Universities were by far the largest producers 
of published research reports, followed by 
government, industry, and _ nonprofit 
organizations. The predominant role of 
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academic institutions increased throughout the 
1960-73 period covered by the study. By 1973, 
universities were responsible for an average of 
almost 75 percent of the publications in the 13 
scientific fields, compared with some 60 percent 
of the total in 1960. The share of publications 
accounted for by the academic sector rose in all 
fields during the period, with the largest 
increases occurring in sociology, physics, 
chemistry, geology, and mathematics (including 
computer sciences). 
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Figure 3-19 


Basic Research Expenditures in Nonprofit Institutions,’ by Source, 1960-74 
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1 Includes State-administered hospitals. 


2 GNP implicit price deflators used to convert 
current dollars to constant 1967 dollars. 


8 Includes State and local government funds. 
SOURCE: National Science Foundation. 


The Federal Government was the second 
largest producer of published research reports in 
1973, with an average of 11 percent of the total 
reports from the 13 fields. The proportion of the 
total research publications produced by this 
sector declined, however, in all fields between 
1960 and 1973, with the largest decreases 
occurring in oceanography, chemistry, and 
physics. In 1973, this sector accounted for a 
significant share of total research publications in 
the fields of astronomy (29 percent), ocean- 
ography (21 percent), geology (18 percent), and 
astronomy (16 percent). 


Private industry’s share of research 
publications in 1973 averaged 10 percent among 
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all fields as a whole, with the largest fractions in 
the fields of engineering (44 percent), chemistry 
(18 percent), and physics (16 percent). The 
proportion of total publications for which this 
sector was responsible declined in all fields— 
other than the atmospheric sciences and 
oceanography—between 1960 and 1973. The 
largest declines were recorded in engineering, 
physics, and chemistry. 


Nonprofit organizations produced the 
remaining 5 percent of total publications in 1973, 
down from some 10 percent in 1963. 


It is clear from these indicators that academic 
institutions are predominant in the production 


Atmospheric 
Sciences 


of research publications, and that their role vis-a- 
vis other sectors is increasing. The extent of their 
publication output appears high in relationship 
to the fraction of total financial resources for 
research which is expended by these _ in- 
stitutions. (See figure 3-2 for the research 
expenditures by this and other sectors.) 


Research publications and research expen- 
ditures. Publications in the five fields shown in 
figure 3-21 which were produced by universities 
were compared with the reported R&D expen- 
ditures for these fields. Expenditures in constant 
dollars were used for this purpose, with a “lag 
time” of two years between the expenditures 
and publications. (The limited available data on 
expenditures restricted the correlation toashort 
period of time, and did not permit exploration of 
alternate “lag times”). 


The results are presented in figure 3-22. A 
relatively close fit between lagged expenditures 
and publication output was found for the fields 
of biology, engineering, and mathematics. On 
the other hand, relatively large deviations 
between input and output were obtained in 
chemistry and physics, particularly in later 
years. 


Basic research and technology 


The relationships between basic research and 
eventual applications in modern technology are 
complex and difficult to trace. Certain aspects of 
these relationships were the subject of a special 
study upon which the data presented here are 
based. The study centered around 179 major 
advances in technology which occurred in the 
United States during the 1950-73 period. The 
patent documentation associated with each of 
the advances was examined to determine 
characteristics of the research which were cited 
as the origin of the invention. 


The sample of 179 major advances covers ten 
broad areas of technology. These areas and 
examples of specific advances included in the 
study are shown below, on page 78 
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Figure 3-21 


Publication Output for Selected Fields of Science, 
Percent of Yearly Totals by Sectors, 1960-73 
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SOURCE: National Federation of Abstracting and Indexing Services, 1974. 


Figure 3-22 


Research Publications and R&D Constant 1967 Dollar Expenditures’ 
in Universities and Colleges, 1964-72 
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1 GNP implicit price deflators used to convert 
current dollars to constant 1967 dollars. 
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Number of 


Technological areas advances 
Ghemicalsiseinccisoperraciatonkercieui sae 26 
Electronic components ...........-- 25 
Nonelectrical machinery ..........- 22 
Communication devices ..........-. 20 
Scientific, photographic & optical 

EQUIPMENE, Se Ne eye eieie ec seie's aes cusiere 19 
Computers & electronic data 
PEOCESSOLS® Wtsterace seco e ve eyaaieraainiares 7 
Metalsvand! alloys os.sis,s.0:s/00:0rs.00nie-ayere 16 
Transportation systems & devices .. 16 
Pharmaceuticals: «2.266. 4s. asses 12 
Ceramics and other nonmetals ..... 6 
Wo tall acess watsryelelnatere er seters 179 
Examples 


Organo-phosphoric acids 

Oral antidiabetic agent 

Thermoelectric devices 

Permutation decoder 

Tunnel diode 

Permanent magnetic materials 

Wavefront reconstruction 

Low energy electron sterilization 

Processing of nuclear reactor 
fuel elements 

Multiple speed transmission 


Each technological advance is represented by a 
single “basic patent” in which the fundamental 
concept or idea embodied in the invention is 
presented for the first time in a patent applica- 
tion. The documentation provided with the 
application, as well as information added in the 
patent examination process, was reviewed in 
order to identify the research which was cited as 
the basis for the advance. Of the 179 examples, 
slightly more than 50 percent of the associated 
basic patents cited published research literature 
and/or other patents.35 The data presented here 
are based on those patents in the sample which 
contained such citations. ° 


35 The absence of citations in the remaining basic patents 
may have several causes, including the possible lack of candid 
disclosure by the patent applicant. Failure to make required 
disclosure has, in fact, resulted in a doubling of the number of 
patent invalidations over the past twnety years 

3e For further information on the methodology of the 
study, see Indicators of the Role of Science in Patented Technology, 
Franklin Pierce College Law Center and the PTC Research 
Foundation, 1974 (A study commissioned specifically for this 
report) 


Dependence on basic research. One important 
indicator of the relationship between basic 
research and technology is the extent to which 
new technologies or major advances in existing 
ones depend upon results from basic research. A 
measure of the incidence of such relationships is 
shown in figure 3-23. These findings show that 
other patents were cited more frequently than 
published research, but that differences between 
the two in citation trequency have narrowed 
considerably. The frequency of citation (number 
of citations per basic patent) increased by 17 
percent for the basic and by 8 percent for the 
combined basic and applied research categories 
from the first to the second decade. On the other 
hand, the frequency of citation to other patents 
decreased almost 25 percent. These results 
suggest that more recent technological advances 
may depend increasingly on new scientific 
discoveries reported in the research literature. 


Seven different fields of science and engineer- 
ing were represented in citations to the research 
literature (figure 3-24). Almost an _ equal 
percentage of basic patents cited research in 


Figure 3-23 
Citations per Basic Patent, by 
Type of Citation, 1950-61 and 1962-73 
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SOURCE: Franklin Pierce College Law Center 
and the PTC Research Foundation. 
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chemistry and electrical engineering (29 and 31 
percent) over the 1950-73 period. Following 
these were physics (22 percent), biology (14 
percent), metallurgy (8 percent), mechanical 
engineering (8 percent), and medicine (4 per- 
cent). 


Sectors producing cited research. For each 
research citation, the institutional sector in 
which the cited research was performed was 
identified (figure 3-25). In the 1950-61 period, 
most of the research cited in the sample was 
performed in corporate laboratories (57 per- 
cent). In the 1962-73 period, however, corporate 
research was cited least frequently, accounting 
for only 15 percent of the research citations. 
Universities, on the other hand, rose from 
second place (28 percent) in 1950-61 to first place 
in 1962-73, with 54 percent of the cited research 
being performed in this sector. Research in 
academic institutions also accounted for most of 
the basic research citations in both periods, and 
applied research in the second period. These 
results should be considered, however, in 
respect to the total literature output of each of 
the four sectors. While most academic research 
is published without restraint, it is generally 
believed that research reports of corporate and 
government-affiliated scientists may be 
published less frequently because of their 
proprietary or national security character. 


Time between research and application 


Many of the results from basic research are 
not immediately incorporated into applied 
technologies. Often a long period of time is 
required to synthesize research results, or to 
await an economic or social need for a particular 
application in technology. 


In the present study, the time between the 
research and its utilization in technology was 
defined as the interval between the publication 
date of the cited research and the date of patent 
application. The average time was found to 
decrease from seven to six years from the first to 
the second half of the 1950-73 period. The most 
recent period covered in the study (1970-73) has 
an average time interval of only three years, 
suggesting an increasingly rapid utilization of 
research results in modern technology. 


AS) 


Figure 3-25 


Percent of Citations in Basic Patents, 
by Type of Citation and Source, 1950-61 and 1962-73 
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1 Includes nonprofit institutions which account for less than 
3 percent of all the citations. 

SOURCE: Franklin Pierce College Law Center and the 

PTC Research Foundation. 
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Industrial R&D and Innovation 


INDICATOR HIGHLIGHTS 


Total expenditures for industrial R&D more 
than doubled between 1960-74, with one- 
third of the growth occurring after 1971; the 
large increases in recent years came almost 
entirely from industry’s own funds, raising 
the total expenditures for industrial R&D to 
more than $22 billion in current dollars in 
1974. 


Adjusted for inflation, total expenditures in 
1967 constant dollars for industrial R&D 
were $15.2 billion in 1974, which was 11 
percent lower than in 1968-69, the years of 
highest funding, and approximately 
equivalent to the funding level of 1965; in 
1974, development activities accounted for 
79 percent of total industrial R&D expen- 
ditures, compared with 18 percent for 
applied research and 3 percent for basic 
research. 


The total number of scientists and engineers 
engaged in industrial R&D increased in 1973 
and 1974 to 360,600, following a decline 
from a peak employment level in 1969 of 
387,000; such personnel supported by 
industry’s own funds increased throughout 
the 1960-74 period, while the number 
supported by the Federal Government 
declined to pre-1960 levels. 


Expenditures for applied research and 
development in industry are focused on six 
product areas: communications equipment 
and electronic components, aircraft and 
parts, guided missiles and _ spacecraft, 
machinery, motor vehicles and _ other 
transportation equipment, and chemicals; 
these areas comprised nearly 70 percent of 
all such expenditures in 1973. 


Industrial R&D is concentrated in a few 
manufacturing industries and in a relatively 
small number of large companies within 
those industries; five industries accounted 
for some 80 percent of all industrial R&D 
expenditures in 1973 and a similar propor- 
tion of all R&D personnel, while the 100 


companies with the largest R&D programs 
spent nearly 80 percent of all industrial R&D 
funds. 


Improvement of existing products was the 
reported goal of one-half of all industrial 
R&D in 1974, compared with approximately 
35 percent for developing new products, and 
15 percent for new processes. 


The R&D intensity! of manufacturing 
industries declined steadily after 1964 as a 
result of reduced Federal support for 
industrial R&D (primarily in the aircraft and 
missiles industry); in terms of industry 
support alone, however, the level of R&D 
intensiveness has changed little since the 
early 1960's. 


The most R&D-intensive industries were 
the largest producers of patented inven- 
tions, accounting for over 67 percent of all 
patents granted during the 1963-73 period; 
the majority of patents were for inventions 
in six major product fields: machinery, 
fabricated metals, electrical equipment, 
chemicals, professional and scientific in- 
struments, and communications equipment. 


The most R&D-intensive industries produc- 
ed the majority of a sample of major 
technological innovations during the 1953- 
73 period; these industries accounted for 66 
percent of the innovations, followed by 
intermediate level industries with 24 per- 
cent, and the least R&D-intensive industries 
with 10 percent. 


Large companies (those with 10,000 or more 
employees) produced a greater number of 
the sample of innovations between 1953-73 
than companies with less than 100 em- 
ployees, but a smaller number than firms 


1 The proportion of net sales devoted to R&D and the 
number of R&D scientists and engineers relative to total 
company employment. 


employing less than 1,000; small firms 
(those with less than 100 employees and 
those with 100-999 employees) produced 
more innovations per unit sales than larger 
firms throughout the period. 


o The largest percentage of the sample of 
technological innovations produced during 
the 1953-73 period represented im- 
provements in existing technology (41 
percent), followed by those representing 
major technological advances (32 percent) 
and radical breakthroughs (27 percent); the 
fraction of radical innovations declined 50 
percent between 1953-59 and 1967-73, 
while those rated as major technological 
advances increased proportionately. 


Research and development is increasingly the 
basis and impetus for technological innovation in 
industry. The results of innovation are new and 
improved products, processes, and services. 
These are the elements of technological 
progress, through which many of the advances 
in the Nation’s productivity, economic status 
(domestic and foreign), and standard of living 
take place. 


While R&D is increasingly important in 
innovation, it is not sufficient by itself. Innova- 
tion is a complex process which occurs within a 
broad economic and social context, and which 
requires successful efforts in areas such as 
product design, engineering, manufacturing, 
and marketing. Although the innovation process 
is complex, expensive, and risky, the failure of a 
firm or an industry to be innovative may mean 
failure of the firm or industry itself, with 
consequent implications for the general 
economy. 


As an activity, industrial R&D ranges from 
basic research, consisting of original in- 
vestigations for the acquisition of scientific 
knowledge—to development, which attempts to 
translate acquired knowledge into new and 
improved products and processes. The character 
and extent of industrial R&D activity vary 
considerably, both in terms of the industry and 
size of the company involved. In general, R&Dis 
viewed as an investment which competes for 
funds and other resources with alternative 
investments. For many firms, R&D is regarded 
as a necessary investment whose returns are 


o The most frequently cited sources of the 
underlying technology for the major in- 
novations were research (applied and basic), 
followed by the transfer of technology from 
existing product lines of the innovating firm, 
licensing, and the purchase of technical 
“know-how” from other firms. 


o Basic research was more often involved in 
product innovations characterized as radical 
breakthroughs (68 percent) than in those 
rated as major technological advances (48 
percent) or improvements in existing 
technology (45 percent); applied research 
occurred with nearly equal frequency in all 
categories of the innovations studied. 


believed to be competitive with those from other 
areas of potential resource allocation. 


Indicators of the state of industrial R&D and 
innovation presented in this chapter consist of 
selected financial and human resources invested 
in R&D and measures of the outputs from such 
investment. The “input” indicators deal primari- 
ly with expenditures and scientific and engineer- 
ing personnel involved in R&D, including trends 
in the R&D intensity of particular industries. 
“Output” indicators include measures of patents 
and technological innovations produced by 
R&D-performing industries, as well as factors 
which influence these activities. These 
measures, combined with R&D intensity and 
other characteristics, provide indicators of the 
relative inventiveness and innovativeness of 
different industries. The chapter concludes with 
asummary of the major findings from studies of 
the relationship of R&D and innovation to 
productivity and economic growth. 


The present set of indicators provides a more 
comprehensive description of the state of 
industrial R&D than was provided by the first 
report in this series. The indicators, however, 
are still deficient in several respects, as discussed 
in later sections of this chapter. 


RESOURCES FOR INDUSTRIAL R&D 
Financial and human resources directed to 


industrial R&D represent principal “inputs” to 
R&D as well as approximate indicators of the 
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magnitude of the effort. Expenditures for R&D 
are presented initially for the total industrial 
R&D effort, followed by information on the 
source of funds and expenditures by specific 
industries. Trends in the number of scientists 
and engineers engaged in R&D are presented in 
terms of the Nation’s overall effort in industrial 
R&D. These are followed by indicators of the 
division of R&D resources among the categories 
of basic research, applied research, and develop- 
ment, as well as the product fields on which the 
effort focuses. Data are presented also on certain 
institutional characteristics of industrial R&@D— 
the distribution of R&D expenditures among 
companies of different size and among specific 
industries. The section concludes with trends in 
the R&D intensity of U.S. industries. 


Financial and human resources for R&D 
represent only a small part of the total invest- 
ment which industry makes for technological 
innovation, the principal aim of its R&D. 
Although little empirical data are available 
regarding total expenditures for innovation, 
estimates have been made of the typical distribu- 
tion of costs among the several steps in the 
innovation process.2, These estimates, which 
apply to successful innovations only, are shown 
in the table below. 


Typical distribution of costs in 
successful product innovations 


Activity Percent 
Research (advanced development-basic 
INVEMLIOI)) Pe diahsyeyccorers area vecavelespeloverareietere 5-10 
Engineering and designing the product . 10-20 
Tooling (manufacturing engineering) ... 40-60 
Manufacturing start-up expenses ...... 5-15 
Marketing start-up expenses .......... 10-25 


Although R&D (which encompasses all of the 
first step and most of the second) is estimated to 
account, on the average, for no more than 15-30 
percent of the total costs of innovation, it is 
especially significant in that R&D often initiates 
and provides the basis for the subsequent steps 
in the innovation process. 


2 Technological Innovation: Its Environment and Management, 
Department of Commerce, 1967. For a discussion of other 
estimates of the distribution of costs associated with 
innovation, see Edwin Mansfield, et. al., Research and Innovation 
in the Modern Corporation, (New York: W. W. Norton, 1971). 
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Expenditures for industrial R&D 


The total national expenditures for industrial 
R&D3 are comprised of funds from both the 
Federal Government and private industry. The 
combined funding is shown in figure 4-1, in 
current and constant dollars. Total expenditures 
in current dollars more than doubled between 
1960 and 1974, with one-third of the growth 
occurring after 1971. The average annual 
increase of just over $1.0 billion during that 
latter time was greater in absolute terms than in 
any other three-year interval between 1960 and 
1974, and came almost entirely from an increase 
in funding by industry. 


Total expenditures in current dollars for 
industrial R&D were over $22 billion in 1974. 
The growth in current dollar funding, however, 
was less than increases in inflation in recent 


Figure 4-1 : 
Industrial R&D expenditures, 1960-74 | 
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1 GNP implicit price deflators used to convert current dollars to 
constant 1967 dollars. 2 
SOURCE: National Science Foundation. 


3 Industrial R&D expenditures presented in this report 
include all costs incurred in support of R&D (i-e., salaries, 
laboratory equipment, overhead, etc.), but do not include 
associated capital expenditures. See Research and Development in 
Industry, 1973, National Science Foundation (NSF 75-315) p. 
81, for further information on the scope of these costs. 


years. As aresult, total expenditures in constant 
dollars for industrial R&D were 11 percent 
lower in 1974 than in 1968-69, the years of 
highest funding, and approximately equivalent 
to the funding level of 1965. 


Some perspective on the size of the invest- 
ment in industrial R&D can be obtained by 
comparing it to other major investments by 
industry, such as those for new plant and 
equipment and for advertising. Such comparison 
is not intended to imply that identical factors 
determine levels of investment among the three 
areas. Indeed, the mix of investments in these 
areas varies from industry to industry. 


Trends in expenditures for the three purposes 
are shown in figure 4-2 for manufacturing 
industries which, as discussed later in this 
chapter, account for almost all industrial R&D 
expenditures. Total funds for industrial R&D 
were close in size to those for new plant and 
equipment during the early 1960’s, but the latter 
grew more rapidly in subsequent years and by 
1973 had exceeded total R&D expenditures in 
industry by approximately one-third. Expen- 
ditures for R&D from industry’s own funds and 
for advertising? were closely comparable 
throughout the 1960-73 period. 


Sources of funds for industrial R&D 


As a consequence of increasing funds from 
industry and a leveling off of Government 
funds, industry replaced the Federal Govern- 
ment after 1967 as the major source of funds for 
industrial R&D (figure 4-3). By 1974, industry 
supplied 62 percent of all such funds, compared 
with only 42 percent in 1960. Federal funds for 
industrial R&D—principally from the Depart- 
ment of Defense (DOD) and the National 
Aeronautics and Space Administration 
(NASA)—reached a plateau in the late 1960's, 
dropped some 10 percent in the early 1970's as 
NASA and DOD support declined, and 
recovered in later years as DOD funding rose. 
These changes were reflected most prominently 
in the aircraft and missiles industry, and to a 
lesser extent in the electrical equipment and 
communication industry. 


The extent of Federal support for industrial 
R&D differs substantially from one industry to 


‘Includes expenditures by manufacturing corporations 
for newspaper, radio, television, magazine, and other 
miscellaneous local and national forms of advertising. 


Figure 4-2 

Expenditures for industrial R&D, 
advertising, and new plant and equipment 
by manufacturing industries, 1960-73 
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1 Includes funds from all sources. 
SOURCE: National Science Foundation and Department of Commerce. 
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another, as shown in the table below.® 


Federal funds as a percentage of 
total industrial R&D expenditures, by 
industry, 1973 


Industry Percent 

Aincraft and! missiles’... acts: = 78 
Electrical equipment & 

communication ...........eeeeeee 50 
Professional & scientific 

INStrUMENES: 6. coe sees reece rascals 20 
Motor vehicles and other 

transportation equipment .....--- LZ 
Machinery eiciscreeye.c1e stele oiste oleic ernie = 16 
Rubber products .......-++.+.+++-- 12 
Chemicals and allied 

PROAUCES! cir sicravsiereialeolereie sy seeseisicksr-taie 10 
Fabricated metal products .........- 5 
Primary metals: o.<)sj.sjere ass sii oes 4 
Petroleum refining and 

OXELACEION! ic.3is cies wre Gisiels 6 oreo wiereisueie 3 
Stone, clay, and glass 

PROGUGESH «fs sie.s c-sic siepeeweiisis eystenra nis 2 
Textiles‘and apparel’ . 24. ..02----si0% 2 
Food and kindred products .......-. 1 
Paper and allied products .........-. 1 


5 Federal support for nonmanufacturing industries 
amounted to 56 percent of their total R&D expenditures in 
1973. 
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Federal Government 


Industrial R&D personnel 


Another indicator of the magnitude of in- 
dustrial R&D is the number of scientists and 
engineers engaged in such activities. Trends in 
this measure are shown in figure 4-4, for the 
total of such personnel as well as for those who 
are supported by industry itself and those by 
R&D funds from the Federal Government. The 
total number of these personnel rose toa high of 
some 387,000 in 1969, declined 10 percent over 
the next three years, and rose slightly in both 
1973 and 1974. 


The decline in 1970-72 was concentrated 
among those scientists and engineers, principal- 
ly the latter, supported by Federal R&D funds. 
The reductions, corresponding to the pattern of 
declines in Federal funding of industrial R&D 
described above, were primarily in the aircraft 
and missiles industry and secondarily in the 
electrical and communication, machinery, and 
chemicals industries. Some 70 percent of the 
reduction in numbers of federally supported 
R&D scientists and engineers was in these four 
industries. 


Federal Government 


Trends in the total number of R&D scientists 
and engineers in industry paralleled constant 
dollar expenditures for industrial R&D 
throughout most of the 1960-74 period (see 
figures 4-1 and 4-3). Such a correlation might be 
expected since the cost to industry for these 
personnel—a cost which represents a large 
fraction of the total cost of industrial R&D—has 
increased at approximately the same rate as 
inflation. Thus, the similarity of the two trends 
provides support for the use of the GNP implicit 
price deflator as a gross adjustment of current 
dollar expenditures to reflect more accurately 
the real level of financial input and the 
magnitude of effort. 


© A more complete discussion of the use of deflators for 
R&D expenditures appears in the chapter entitled 
“Resources for R&D” in this report. 


R&D expenditures by specific industries 


The extent to which a specific industry invests 
in R&D is dependent upon a diversity of factors, 
including competition within the industry and 
from other industries, government regulations 
requiring improved performance of products, 
the need of substitutes for and the conservation 
of natural resources, and the availability of funds 
and personnel for R&D. Nearly all manufac- 
turing industries engage in some type of R&D 
activity. A few nonmanufacturing industries” 
also perform R&D, but their effort represents 
less than 5 percent of all industrial R&D 
spending.® 


Expenditures for R&D in current dollars rose 
steadily in most industries from 1960 to 1973. In 
recent years, R&D spending has grown at arate 
comparable to the early and mid-1960’'s, averag- 
ing over 7 percent per year between 1971 and 
1973. The industries principally responsible for 
this growth are electrical equipment and com- 
munications, motor vehicles and other transpor- 
tation equipment, machinery,? and chemicals 
and allied products. These four industries 
accounted for approximately 80 percent of the 
total increase in current dollar expenditures for 
R&D between 1971 and 1973. 


Trends in expenditures for R&D in these and 
other major R&D-performing industries are 
shown in figure 4-5. In five of the seven specific 
industries, 1973 was the peak funding year for 
R&D in both current and constant dollars. The 
only major industry experiencing a large decline 
in R&D spending in either current or constant 
dollars during the 1960-73 period was aircraft 
and missiles, which dropped sharply after the 
late 1960's. Other industries, not shown in the 
figure, in which R&D expenditures in current 
andconstant dollars were at their highest level in 
1973 are: drugs and medicine, rubber products, 
fabricated metal products, communication 
equipment and electronic components, and 
optical, surgical and photographic instruments. 


7 These include, but are not limited to, agriculture, public 
utilities, finance, insurance, business services, medical and 
dental laboratories, and engineering and architectural serv- 
ices. 

8 Research and Development in Industry, 1973, National Science 
Foundation (NSF 75-315). 

° Includes office, computing, and accounting machines; 
metal-working machinery; engines and turbines; farm 
machinery; construction, mining, and materials handling 
machinery. 
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Figure 4-5 


R&D expenditures, by selected industries 1960-73 
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1 GNP implicit price deflators used to convert current dollars to 
constant 1967 dollars. 
SOURCE: National Science Foundation 


Expenditures for R&D in nonmanufacturing 
industries changed little after 1970.1° 


Industries differ substantially in the size of 
recent changes in their R&D expenditures. 
Industries with the largest relative growth in 
R&D spending between 1971 and 1973 are 
shown in figure 4-6. 


10 R&D expenditures for all industries are presented in 
Appendix table 4-5. 
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The overall pattern of R&D funding shown in 
figures 4-5 and 4-6 as well as elsewhere in this 
chapter, indicates a general shift in the Nation’s 
industrial R&D effort. One aspect of the shift is 
that industry itself, rather than the Federal 
Government, has become the prime source of 
funds for industrial R&D. A second and related 
aspect is that the R&D is directed increasingly to 
“civilian” areas, i.e., to areas other than defense 
and space such as the development of new 
sources of energy, conservation of resources, 


Figure 4-6 
Industrial R&D expenditures, percent change, 1971-73 


Current dollars 


Constant 1967 dollars’ 


-10 0 10 20 


Motor vehicles and other transportation equipment 
Rubber products 

Professional and scientific instruments 
Machinery 

Electrical equipment and communication 
Fabricated metal products 

Lumber, wood products, and furniture 
Chemicals and allied products 

Stone, clay, and glass products 

Food and kindred products 

Textiles and apparel 

Paper and allied products 


Aircraft and missiles 


(Percent) 
30 40 -10 0 10 20 30 40 
| | | | | | | 


1 GNP implicit price deflators used to convert current dollars to constant 1967 dollars 


SOURCE: National Science Foundation. 


and improvement of the quality of the en- 
vironment.!! 12 


Energy is one of the civilian areas in which 
R&D expenditures have grown and are expected 
to increase still further in the years ahead. The 
exploration and development of new and 
alternative sources of energy for their own 
needs and the needs of the Nation as a whole 
have become important for many industries. As 
a result, expenditures by industry for energy- 
related R&D have risen almost 50 percent since 


11 A similar shift of federally funded R&D toward civilian 
areas is discussed in more detail in “Resources for R&D” in 
this report. 

12 Historically, the Federal Government's role in industrial 
R&D dates from World War II, during which the principal 
emphasis was on defense-related R&D. Prior to that time, 
Federal support for industrial R&D was miniscule. (See 
Helen Wood, Scientific Research and Development in American 
Industry, Bureau of Labor Statistics, 1953; and Vannevar 
Bush, Science—The Endless Frontier, a report to the President, 
1945.) 


1972, reaching an estimated $1.1 billion in 
1974.13 


The petroleum industry is the leading per- 
former of energy R&D, with expenditures of 
$325 million in 1973 and an estimated increase of 
25 percent in 1974. The electrical equipment and 
communication industry is the second largest 
performer; these two industries combined 
accounted for over 65 percent of all energy- 
related R&D activities in industry in 1973. 
Advances in technology in the use of fossil fuels 
(particularly oil and coal) and nuclear energy are 
the principal objectives of the industrial R&D 
effort in this area. 


13 “20-Percent Increase in Energy Activity Paces Industrial 
R&D Spending in 1973”, Science Resources Studies Highlights, 
National Science Foundation (NSF 74-319), December 4, 
1974. 
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R&D expenditures by character of work 


Development activities receive by far the 
largest portion of total expenditures for in- 
dustrial R&D, followed by applied and basic 
research. The proportion going for development 
efforts has ranged between 75 and 80 percent of 
total expenditures during the 1960-74 period, 
compared with nearly 20 percent for applied 
research and some 3 to 4 percent for basic 
research (figure 4-7). 


The emphasis on development efforts reflects 
the general nature of industrial R&D, which is 
usually focused on specific product lines and 
relatively short-range goals in terms of the time 


Figure 4-7 

Industrial R&D expenditures for basic 
research, applied research, and 
development, 1960-74 


(Billions of Dollars) 
18 


16 


Current dollars 


14 


2 Development 
Constant 1967 dollars’ 


Applied research 


Basic research 


1960 62 64 ‘66 68 '70 72 ‘74 


1 GNP implicit price deflators used to convert current dollars to 
constant 1967 dollars. 
SOURCE: National Science Foundation. 
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between R&D and expected returns from the 
investment. These tendencies are strengthened 
by the usually large proportion of totalcorporate 
R&D resources—funds and personnel—which 
are controlled by divisional managers of firms 
whose major focus is often on existing product 
lines and processes. 


Expenditures in current dollars for applied 
research and development generally increased 
each year between 1960 and 1974, whereas 
funding of basic research has remained at a 
relatively fixed level of some $600 million since 
1965. Constant dollar expenditures, on the other 
hand, declined after 1969 for development 
efforts, due primarily to reductions in Federal 
funds, whereas those for applied research have 
changed little since 1964. Funding of basic 
research in constant dollars has fallen since the 
mid-1960’s, reaching a level in 1974 which is 
approximately equal to that of 1961. 


The distribution of funds among these 
categories of R&D differs according to the 
sources of funds, with industry providing most 
of the funds for basic and applied research and a 
lesser, but still the largest, share of development 
funds. In 1974, for example, industry funded 78 
percent of its own basic research and 75 percent 
of its applied research, compared to 59 percent of 
its development.!4 


Applied R&D in product fields 


Over the last two decades there has been a 
rapid expansion and diversification of firms into 
new product lines, markets, and technical fields. 
Thus, R&D data reported by a firm may include 
expenditures in several product fields, in addi- 
tion to the single, major field which determines 
the broad industrial category to which the firm is 
assigned. Therefore, R&D expenditures in 
terms of product areas, rather than industries, 
are more indicative of the actual composition and 
focus of the national effort in industrial R&D. 


Expenditures for applied research and 
development!5 are concentrated in 6 of the 15 
broad product fields used for classification 
purposes.'¢ These 6 fields, and the percentage of 


14 National Patterns of R&D Resources, 1953-75, National 
Science Foundation (NSF 75-307). 

15 Expenditures for basic research are excluded since such 
research, by definition, is not directed toward specific 
products. 

16 See Appendix table 4-12 for a listing of these product 
fields. 


the total applied R&D expenditures each 
received in 1973, are shown in the table below.!7 


Distribution of applied R&D 
expenditures, by selected 
product field, 1973 


Product field Percent 


Communication equipment and 


electronic components .........-- 17 
Aircrattvandy pantie yar y1iefei\jercyet<iesyepers 12 
Guided missiles and 

Spacechahtaeweriereyctecverseisisioris erereelessie 12 
IMEGUINGAY, coords anodantannmooannar 11 
Motor vehicles and other 

transportation equipment ........ 10 
(Ghemicals?8) of). civic scsc sce scictec cece 7 


Substantial changes in applied R&D expen- 
ditures have occurred in more specific product 
fields in recent years. Fields with an overall 
increase or decrease in constant dollar expen- 
ditures of 10 percent or more during the 1971-73 
period are cited below. 


Concentration of industrial R&D 


The U.S. industrial R&D effort is concen- 
trated within relatively few industries, and 
within a small number of large companies within 
these industries. Throughout the 1960’s and 
early 1970's, over 80 percent of all industrial 
R&D expenditures and over 77 percent of 
industrial scientific personnel engaged in R&D 
were concentrated in only five industries— 
aircraft and missiles, electrical equipment and 
communications, chemicals and allied products, 


machinery, and motor vehicles and other 
transportation equipment (figure 4-8). The 
largest change over the period occurred in the 
aircraft and missiles industry, where R&D 
expenditures declined significantly in relative 
terms after the mid-1960’s. 


Similar trends are evident in the concentration 
of R&D scientists and engineers in these same 
five industries. The aircraft and missiles in- 
dustry is seen to account for a declining 
proportion of the total industrial R&D per- 
sonnel resources beginning in 1963. This 
industry, however, in combination with the 
electrical equipment and communications in- 
dustry employed over 46 percent of all scientists 
and engineers engaged in industrial R&D in 
1973 (figure 4-9). 


To a significant degree, the concentration of 
industrial R&D in a few industries reflects the 
influence of Federal R&D contract work, 
primarily in the defense and space areas. In 1973, 
for example, almost 92 percent of all federally 
funded R&D in industry went to these five 
industries. Federal funds to these industries 
ranged from about 10 percent of the total R&D 
expenditures in the chemicals and allied products 
industry, to some 50 percent in electrical 
equipment and communications, and to over 80 
percent in the aircraft and missiles industry. 
Together, Federal funding for R&D in these five 
industries represented over 35 percent of the 
total expenditures for industrial R&D in 1973. 


A similar pattern is observed in regard to the 
concentration of scientific personnel. The five 
industries cited above employed 90 percent of all 


Percent change in constant dollar applied R&D expenditures, 
by product field, 1971-73 


Increases of 
more than 25 percent 


Increases of 
10-25 percent 


Decreases of 
10 percent or more 


Ferrous metals & products ... 87 Electrical industrial Guided missiles ............. -20 
Transportation equipment, Appalatus earrcarieei sera tere 24 Metalworking machinery 

except motor vehicles ...... 59 Farm machinery & equipment 19 andvequipment. 32.02 ca0+~s. -20 
Textile mill products ......... 36 Office, computing, and Nonferrous metals & 
Motor vehicles & accounting machines ....... 19 PROGUCtS a stctatstese- sors erslropeiclors -19 

Equipmentaer sete lariat 35 Ordnance, except guided Agricultural chemicals ....... -19 
Professional & scientific MISSILES! sarayseep ciety ste ere ee rstores 11 Plastics materials & 

INS ELITE MES =tyaiotelarereioensie = le 32 Stone, clay, & glass synthetic resins ........... -10 
Engines & turbines .......... 30 PLOUCTS poecmeem nearer 10 
Rubber & plastics products .... 26 Communication equipment & 

electronic components ..... 10 


17 For additional data on these and other product fields, see 
Research and Development in Industry, 1973, National Science 
Foundation (NSF 75-315). 

18 Except drugs and medicine. 


on 


Aircraft and missiles 


Electrical equipment 


men == 
and communication ef 


a se 


Neen yer? 


Motor vehicles and other 


Chemicals and allied transportation equipment 


products 


Seccccccccccccccscsc cco A 


Machinery 


federally supported R&D _ scientists and 
engineers in industry as of January, 1974, 
representing almost 30 percent of all R&D 
scientists and engineers employed by industry. 


Most of the R&D activity in industry is 
further concentrated within a small number of 
large companies.!° Of a total of over 11,000 


12 The words “company” and “firm” are used in- 
terchangeably in this report, even though they may have 
slightly different meanings in other contexts. Each term 
denotes a business organization consisting of one or more 
establishments under common ownership or control. 
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Aircraft and missiles 


Electrical equipment 
and communication 


Chemicals & allied products 


Machinery 


Motor vehicles and other 
transportation equipment 


R&D-performing companies in 1973, the 300 
companies with over 10,000 employees 
accounted for more than 80 percent of all 
industrial R&D expenditures. Thirty-one of 
these companies reported R&D programs 
costing more than $100 million, for a total of 
almost $12 billion, or more than 60 percent of all 
R&D expenditures by industry. Thus, even 
small percentage changes in the level of R&D 
activity in a few large companies can have a 
substantial effect on the overall U.S. industrial 
R&D effort. 


When viewed against the totality of companies 
which comprise industry, or even the manufac- 


turing sector alone, the number of individual 
companies with a formal R&D program is 
comparatively small. For example, in 1967 (the 
latest year for which Census data on the total 
number of manufacturing companies is 
available) only 11,200 companies, or less than 5 
percent of all manufacturing companies, 
reported having any R&D program. Further- 
more, the proportion of companies conducting 
R&D differed substantially by company-size 
groups. In 1967, only 4 percent of all manufac- 
turing companies with under 1,000 employees 
conducted any R&D, while 55 percent of 
companies employing between 1,000 and 5,000 
persons, and 88 percent of companies with 5,000 
or more employees reported such efforts. 


Among the performers of R&D is a subset of 
the small company group which consists of “high 
technology” firms whose main objective is the 
performance of R&D and the development of 
new products. These new research-based enter- 


prises represent only a small percentage of the 
total industrial R&D effort, but they have often 
evolved into large firms that dominate market 
segments and, in some cases, entire industries. 
These science-based firms are predominantly 
located in industries such as electronics, com- 
munications, computers, aircraft, and nuclear 
and medical instruments.2° 


R&D intensity 


The proportion of an industry’s human and 
financial resources which are utilized for R&D 
may be regarded as a measure of the “R&D 
intensity” of that industry. The indices used 
frequently for quantifying the level of R&D 
intensity are (1) total and company funds 
expended for R&D as a percentage of net sales 
and (2) the number of R&D scientists and 
engineers per 1,000 employees. Based on these 
indices, each of the 15 largest R& D-performing 
industries in the manufacturing sector was 


Measures of R&D intensity, by industry, 1961-72 


Mean over the 1961-72 period 
R&D scientists 


Company funds 


& engineers Total funds for for R&D asa 
per 1,000 R&D as a percent percent of 
Industry employees of net sales?1 net sales?! 
Group | 
Ghemicals? Gcrallieds products mercqetere sreyaterstesstelera'e'e1 fe) vayeloyerstoyars/aia.= 37.8 4.0 3:5 
IMEC UnEISY  congactunodaaoccosoacnoudcupEoosDaoogounepeorE 25.9 3.9 31 
Electrical equipment & communications ........-..++eeee eee 47.2 8.5 3.6 
JST CentveSlGn Mayas oceopoounsoovs50cdDUepoouaaponoeso 88.6 20.9 3.5 
Professional & scientific instruments ............eee eee eeeee 33.9 5.9 4.1 
Meant forsenou ppl ssctacoretcteyecretstetsotayatetorerefoleictelelnvetess.0:ers 47.1 8.2 3.5 
Group II 
Retroleumbmrefining 6c ExtraCtiOn® ocret.tctz ices o/sicloveretes ols)eieierst aves 15.8 0.9 0.9 
Rubbers prod uctspirsaevetete cxerctele «sic iole one) onareretotstohatereteasttetareverckate svete 17.8 2.0 187 
Stonenclay pec glass products! \.\cisjate ates atajeteieialeleus isvetelelersleleleteye exe: 10.7 1.6 1.5 
Eabricatediimetalyprod ucts rte stetay-rore oislejeyeion terainieyarateloieeis)alaqahoic/ake 12.8 13 1.2 
Motor vehicles & other transportation 
EGUIPIMEN toregersneveneyel ais icYaie}efol's)s) oV«\ selma. =\cle)'s wJeteh isl elelspofe al -ieyeyarai= 19.4 Seo, Zao) 
MeangtorerOu pallies. istcrstsvcrsrteicit vac teleraicialstatetacemasternatetoray 16.4 1.9 1.6 
Group III 
Rood gécd kind edyprOd Cts reseya:s;<) gore) oieys52.n= ois 61 eve« ce naielele\ees aleyerate Tied 0.4 0.4 
Mextilestécra ppanelarrser circ cc ore. sieisic sreiere'a-e sisi sis" oiels’s sisiais shal 0.5 0.5 
Lumber, wood products & furniture ............eeeeee eee 4.7 0.5 0.4 
Raper éoralliedsprod ucts trctiere eval= (0 oie eya.e@ widiaia oe tyeyereieintelavoree 8.5 0.9 0.8 
Primanyarn tals cree rtereer cic ciste ctereiefeieisie)- overs valo,ssslsiels stays orsisic 5.6 0.8 0.8 
Meanie foraer ou pal eye are or: nyersvzresers:0/shsi so: s’ore eleven savere etavatee 6.0 0.6 0.6 


20 For further information on R&D in small companies, see 
Thomas Hogan and John Chirichiello, “The Role of Research 
and Development in Small Firms”, in The Vital Majority: Small 
Business in the American Economy, Small Business Administra- 
tion, 1974. 


21 Total net sales by Group I industries over the entire 
1961-72 period were only 25 percent larger than sales by 
industries in Group II and approximately 50 percent larger 
than those of Group III industries. 


placed into one of three groups according to its 
relative level of R&D intensity over the 1961-72 
period. These groups, each consisting of five 
industries, are shown in the table below along 
with their R&D intensity indices, with Group I 
industries being the most R&D-intensive and 
Group III the least. 


As the table shows, the level of R&D inten- 
siveness among industries within each group is 
within a relatively close range regardless of the 
specific index chosen. Furthermore, the R&D 
intensity of each group is separated from the 
next by approximately a factor of three. 


The R&D intensity of manufacturing in- 
dustries overall has declined steadily since 1964. 
As shown in figure 4-10, the declines occurred 
almost exclusively in the most R&D-intensive 
industries (Group I), and were caused primarily 
by reductions in the level of Federal support for 
industrial R&D after the mid-1960’s. Aside from 
the changes produced by declining Federal 
support, the R&D intensity of each group of 
industries has changed little since 1961. 


The assignment into three major groups of 
industries exhibiting approximately the same 
level of R&D activity provides a convenient and 
direct method for relating R&D to the outputs 
and returns from such effort, as shown in the 
next section of this chapter. 


OUTPUTS FROM R&D AND INNOVATION 


Earlier sections of this chapter dealt largely 
with the resources employed in industrial R&D 
and structural aspects of the system. This 
section attempts to provide indicators of some of 
the outputs and returns from R&D—aspects 
which are considerably more difficult to measure 
than inputs. 


The principal indicators in this section deal 
with trends in technological invention and 
innovation. Measures of invention are in terms 
of patents and include indicators of the areas and 
magnitude of inventive output, sources of 
invention, product areas involved, and 
relationships with R&D intensity. Indicators of 
innovation are based upon new _ industrial 
products embodying major advances in 
technology and include characteristics of in- 
novating organizations, innovativeness of 
different industries, relationship to investment 
in R&D, time between invention and innovation, 
and the role of research. 
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The measures of output presented here 
represent only a step toward the array of 
indicators needed for the industrial sector. 
Present measures are small in number, broad in 
scope, and restricted generally to relatively 
direct outcomes of R&D. Lacking are indicators 
such as reduced costs, gains in an industry's 
productivity or increases in sales which result 
from R&D. The measures, in addition, do not 
encompass the qualitative improvements in 
industrial products and processes which often 
constitute the major form of return from R&D 
investment. 


The present indicators, furthermore, do not 
specify the separate and distinct contribution of 
R&D to invention and innovation. As noted 
earlier, invention and innovation result from a 
complex of interacting factors—economic, 
social, and technical. Analytical efforts to date 
have not been successful in determining the 
precise contribution of the individual factors, 
including that of R&D. Thus, indicators 
presented here should be regarded as ap- 
proximate measures of the relationship between 
this factor and invention or innovation. 


The impact of technological innovation on 
productivity and economic growth is, in turn, 
understood only in general terms. Present 
knowledge of the causal connection between 
innovation and economic returns is not suf- 
ficient for developing quantitative indicators of 
the relationship. In lieu of such indicators, the 
major conclusions derived from studies in this 
area are summarized. 


Finally, the indicators in this chapter do not 
include measures of the negative impacts and 
side-effects of technological innovation. These 
costs may be extensive in human and social 
terms, ranging from the loss of jobs to the 
pollution of our environment. The determina- 
tion of these costs and their assessment relative 
to benefits, is necessary for the wise manage- 
ment of innovation. Valid indicators of these 
costs, however, are exceedingly difficult to 
develop; it is for this reason, rather than a lack of 
recognition of their need, that such indicators 
are not provided in this report. 


Objectives of industrial R&D 


In general, industry views R&D as a means to 
remain competitive and profitable. Most in- 
dustrial R&D is an attempt to focus science and 
technology on improving existing products and 


Figure 4-10 


R&D intensity of U.S. manufacturing industries, 1961-72 
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SOURCE: National Science Foundation. 


processes and on developing new ones. Some 
R&D in the form of basic research is performed 
to gain new insights into areas of company 
interest, and the results from these efforts may 
be incorporated eventually into new or improved 
products. In this way, R&D assists companies to 
maintain existing markets or toexpand into new 
ones, to reduce production costs, and to increase 
profits. 


The importance of improving and developing 
new products and processes, and the associated 
levels of R&D, vary among industries. In 
addition, the emphasis placed on new 
developments versus improvements differs— 
over time and among individual companies and 
industries. Some indication of the relative 
emphasis of the R&D programs of manufac- 
turing industries during 1974 is indicated 
below.22 


Objectives of industrial R&D 
programs, 1974 


Percent of 
Objective R&D expenditures 
Improving existing products ........ 50 
Developing new products .........- 36 
Developing new processes .......--- 14 


As shown in the table, one-half of the R&D 
expenditures are aimed at improving existing 
products. Only three industries—electrical 
equipment and communication, professional and 
scientific instruments, and food and kindred 
products—reported new product development 
as the principal objective of their R&D 
programs. Petroleum refining and extraction 
and the nonferrous metals industries were the 
only two in which new process developments 
received the largest share of R&D funds. All 
other manufacturing industries in 1974 
emphasized the improvement of existing 
products in their R&D programs. Product 
improvements were also the predominant type 
of innovations found in a sample of major 
innovations reported later in this chapter under 
“Technological innovation.” 


Some industries depend upon R&D more than 
others. This dependency might be expected to be 
greatest among those industries relying most 
heavily on sales from new products, rather than 


22 Business’ Plans for R&D Expenditures, 1975-78, McGraw-Hill 
Publications Co., May, 1975. (Strictly comparable data are 
not available for earlier years.) 
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on the improvement of existing ones. Although 
data are lacking on actual sales from new 
products, information is available on the sales 
expected from such products. These estimates, 
expressed as a percentage of total expected sales, 
are summarized in the table below.*? As 
indicated, the most R&D-intensive industries 
have expected a higher proportion of their sales 
to be in new products than the two groups of less 
R&D-intensive industries. 


Expected sales from new 
products?4 as a percent 
of future sales 


Mean percent 


1969-70 1971-72 1973-74 


R&D intensity 


Groupie iccas ee siesta tot 2h 26 24 
Groupill) sie neeerrictnrinats U5) LS 20 
Group cers. crese rere ateienare alae 15 11 


The three industries reporting the highest 
proportion of R&D expenditures for new 
product development (electrical equipment and 
communications, machinery, and professional 
and scientific instruments) are among the five 
industries expecting the largest proportion of 
sales from new products during the 1969-74 
period. 


The expected level of new product sales 
appears to have declined slightly for Group I 
industries overall, and increased for Group II 
industries since 1969-70. This decline in Group I 
industries may result from a longer term shift 
away from the development of new products 
toward innovations representing improvements 
in existing technologies. (See the later section in 
this chapter entitled “Radicalness of the in- 
novations.”) 


Patented inventions 


Patented inventions are one of the more direct 
outputs of industrial R&D. They often represent 
actual or potential advances in technology, and 
thus indicate, to some extent, the level, direc- 


23 The data presented in the table are based on an analysis, 
commissioned especially for this report, of information from 
Business’ Plans for R&D Expenditures, McGraw-Hill Publications 
Co., Economics Department, annual surveys, 1966-74. 

24 “New products” were defined as those expected to be 
introduced into the market within three years following the 
time of the survey. What constitutes a “new product” and the 
extent to which it differs from previously existing products 
may vary among industries and/or companies. 


tion, and success of inventive and innovative 
activity of a technological nature.25 In some 
cases, the number of patents may understate the 
actual level of invention. For various reasons, an 
invention may never be patented; as for exam- 
ple, when the protection afforded by a patent is 
less important than the rapid introduction of a 
new product into the marketplace or where the 
expected protection does not offset the hazard of 
disclosure. Patent output may, on the other 
hand, overstate the level of invention to some 
extent. This situation may arise, for example, 
when numerous defensive patents are obtained 
around basic inventions. Finally, of course, 
patents vary greatly in their economic and 
technological significance. Many patented in- 
ventions become embodied in new and improved 
products, processes, and services—only some of 
which eventually lead to substantial economic 
returns. 


The majority of patented inventions now 
come from R&D programs in large industrial 
laboratories. Many of the others, including some 
of the more significant ones, come from 
“independent” inventors.2° As indicated in the 
“Basic Research” chapter of this report, major 
patented inventions from all sources appear to 
be based increasingly upon R&D. 


The number of U.S. patents granted increased 
between 1960 and 1973, though fluctuating 
from year to year?’ (figure 4-11). Two principal 
sources of patents were responsible for the 
overall increase—U.S. corporations and 
residents of foreign countries. The patent 
output of U.S. individuals and the Federal 
Government remained at relatively low and 
constant levels during the period. The number of 
U.S. patents granted to residents of foreign 
countries showed the greatest overall gain, with 
the largest increases occurring after 1968. In 


25 A major study on this topic was published in 1966 by 
Jacob Schmookler, Invention and Economic Growth (Cambridge: 
Harvard University Press). A recent reappraisal of this work 
by Nathan Rosenberg is presented in “Science, Invention and 
Economic Growth”, Economic Journal, Vol. 84 (March 1974), pp 
90-108. 

2e For more detailed information on this topic, see David 
Hamberg, “Invention in the Industrial Research 
Laboratory”, Journal of Political Economy, Vol. 71 (April 1963). 
See also, “Concentration, Invention, and Innovation”, U.S. 
Senate Antitrust Subcommittee, 89th Congress, Part III; and 
Technological Innovation: Its Environment and Management, Depart- 
ment of Commerce, 1967. 

27 The year to year fluctuations are associated primarily 
with the processing and examination of patent applications 
by the U.S. Patent Office, rather than variations in the 
number of patent applications per se. 


Figure 4-11 
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1973, foreign residents were granted over 30 
percent of all U.S. patents, as compared with 16 
percent in 1960. (The significance of foreign 
patent activity in the U.S. is discussed in the 
chapter entitled “International Indicators of 
Science and Technology” in this report). 


The patent output of U.S. industry (ie., 
patents assigned to U.S. corporations) accounted 
for the largest proportion of total patents 
granted throughout the 1960-73 period.28 The 


28 A recent report, A Review of Patent Ownership, Office of 
Technology Assessment and Forecast, U.S. Patent Office, 
January 1975, identified specific companies involved in active 
technological areas. 
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actual number of patents assigned to U.S. 
corporations increased 73 percent between 1960 
and 1973. “Assignment,” however, cannot be 
equated completely with the actual source of the 
invention. Some patents granted to individuals 
may be assigned subsequently to corporations, 
and some patents assigned to the Federal 
Government have their origins in federally 
funded R&D performed in_ industry. 
Nevertheless, it is clear that industry is the 
major producer of patented inventions in the 


U.S. 


Patent output by product field. In addition to 
the sources of patents, information was obtained 
on the product fields in which the patents were 
most likely to be applied. Through a concordance 
developed between the patent classification 
system of the U.S. Patent Office and the 
Standard Industrial Classification (SIC)29 
system, it was possible to categorize U.S. patents 
granted between 1963 and 1973 into 30 SIC- 
based product fields,2° with respect to the fields 
in which the patents were most likely to be 

applied. These product fields encompass most of 
the manufacturing sector of industry, and 
include 96 percent of all U.S. patents granted 


during the period. 


All patents granted to U.S. citizens, cor- 
porations, and the Federal Government were 
assigned to these product fields on the basis of 
the area of their probable use. The six product 
fields with the highest patent activity are shown 
in figure 4-12. The greatest number of patents 
during the 1963-73 period were applicable to the 
machinery product field, and within this field to 
the construction, mining and materials handling 
machinery subfield. Following machinery in the 
number of patents were fabricated metals, 
chemicals (particularly basic industrial 
chemicals), electrical equipment, communication 
equipment, and professional and _ scientific 
instruments. These fields include many of the 
areas with a high output of major innovations. 
(See the later section of this chapter entitled 


“Technological innovation” .) 


29 Standard Industrial Classification Manual, Executive Office of 
the President, Office of Management and Budget, 1972. 

30 Indicators of the Patent Output of U.S. Industry, Office of 
Technology Assessment and Forecast, U.S. Patent Office, 
1974. (A study commissioned specifically for this report). 

31 Because of the possible utilization of the technology 
represented by a given patent in more than one product field, 
many patents were counted more than once. For this reason, 
product field totals do not correspond with the patent totals 


presented in the previous section. 
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Figure 4-12 
U.S. patents granted for inventions,’ by 
selected major product field, 1963-73 
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Patent output by product field and R&D 
intensity. Patents can also serve as an indicator 
of the inventive output of specific industries. An 
approximate correspondence exists between 
product fields of patent activity and the in- 
dustries which produce the patented invention. 
The correspondence is less than perfect, since 
many companies in a specific industry may be 
active in a number of diverse product areas. An 
invention produced by the electrical equipment 
industry, for example, may have its principal 
application in the aircraft product field.32 


The relationship between patent output and 
R&D intensity is shown in figure 4-13.33 Those 
industries which devote the largest proportion 
of their resources to R&D (Group I industries) 
are by far the largest producers of patented 
inventions, accounting for 67 percent of all U.S. 
patents granted between 1963 and 1973. Group 
II industries—lower in R&D intensity than 
Group I—produced about 29 percent of the 
patents over the period, while the least R&D- 
intensive industries (Group III) produced only 4 
percent.34 During the same period (1963-73), 
Group I industries were responsible for 80 
percent of the total expenditures for industrial 
R&D; Group II industries, 16 percent; and 
Group III industries, 4 percent. 


Technological innovation 


Technological innovation occurs when new or 
improved products, processes, or services em- 
bodying advances in technology are introduced 
into the market. Although R&D has a major role 
in the process, innovation takes place in a broad 
context in which economic, social, and political 
factors may be crucial.35 It has been estimated, 
for example, that of every ten products emerg- 


32 The lack of correspondence, however, was reduced by 
grouping industries according to their R&D intensity; these 
groups produced patented inventions which tended to be 
utilized by industries within the same group. 

33 For a concise review of the relationship between R&D 
and patents, see Dennis Mueller, “Patents, Research and 
Development and the Measurement of Inventive Activity,” 
Journal of Industrial Economics, Vol. 15 (November 1966). 

34 The patent totals upon which these percentages are 
based include some multiple counts, but only those which 
occur across the three groups. The extent of this multiple 
counting is approximately 8 percent of the total patents 
granted. 

35 P. Kelly, et al., Technological Innovation: A Critical Review of 
Current Knowledge, (Atlanta: Georgia Institute of Technology, 
1975). 
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ing from R&D, five fail in product and market 
tests, and only two become commercial 
successes:s° 


Technological innovation is integral to the 
operation of many industries and crucial to their 
survival and growth. Innovation in these 
industries may be the principal means for 
acquiring new markets and maintaining existing 
ones, as well as for improving internal produc- 
tion processes and reducing costs.37 Other 
industries, while producing few major in- 
novations themselves, purchase goods which 
embody innovations from the first group of 


3e E. A. Pessemier, New Product Decision: An Analytical 
Approach, (New York: McGraw-Hill, 1966). 

37 For a review of factors which determine a firm’s 
effectiveness in innovation, see James M. Utterback, 
“Innovation in Industry and the Diffusion of Technology,” 
Science, Vol. 183 (February 15, 1974), pp. 620-626. 
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industries; these goods may enable the purchas- 
ing industries to increase their productivity, 
improve the quality of their products, or develop 
new and improved products and services for 
their own markets. The computer is one of the 
most obvious examples of an innovation from 
the first group of industries which is used 
extensively by other industries. 


In addition to its importance at the firm and 
industry levels, technological innovation is 
acknowledged as a prime source of the Nation’s 
economic progress, contributing to productivity 
and economic growth.38 The capability for such 
innovation, moreover, is regarded as a major 
comparative advantage which the United States 
has in international relations—political, military, 
and economic.3° 


The present indicators focus on major 
technological innovations. The vast majority of 
innovation efforts, however, seek or attain 
modest improvements in products and 
processes, rather than major advances. The 
results of these efforts are not captured by 
present measures even though the cumulative 
impact of the more numerous minor advances 
may often exceed that of major innovations.‘° 
Furthermore, no indicators are provided of the 
extent to which the innovations replace or 
represent advances over existing products and 
processes. In addition to these limitations, the 
indicators do not specify the economic and social 
benefits—and costs—associated with the in- 
novations. 


Indicators of trends in innovation presented in 
this section are based, for the most part, on a 
study conducted specifically for this report. The 
study provides information on 500 major 
product innovations which were introduced into 
the market during the 1953-73 period by leading 
industrialized nations.41 The innovations were 
selected by an international panel of experts as 
representing the most significant new industrial 
products and processes, in terms of their 


38 These aspects are discussed later in this chapter in the 
section entitled, “Returns from R&D and Innovation.” 

39 See the chapter “International Indicators of Science and 
Technology” in this report for indicators of the role of 
technology in international trade. 

40 Jacob Schmookler, Patents, Invention, and Economic Change, 
(Cambridge: Harvard University Press, 1972). 

41 This information was used in devising indicators of the 
relative innovativeness of the United States and other major 
developed nations; these indicators are presented in an 
earlier chapter of this report, entitled “International 
Indicators of Science and Technology.” 
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technological importance and economic and 
social impact.42 Information on a subset of these 
innovations—a total of the 319 produced by U.S. 
industries—was used to develop the measures of 
innovation presented below. The innovations on 
which the indicators are based span a wide range 
of technologies and all major manufacturing and 
nonmanufacturing industries. The diversity is 
suggested by the following innovations which 
were among those included in the study. 


Integrated circuits 

Lasers 

Microwave transmission 
Cortisone synthesis 
Permanent magnetic alloys 
Weather satellites 
Double-knit synthetics 
Computer time-sharing 
Light-emitting diodes 
Textured granular protein 


Innovation and company size. A topic of 
enduring concern is the relationship between 
size of firm and technological innovation.43 This 
topic was examined through the use of the major 
innovations described above. The results are 
shown in figure 4-14, in terms of the percentage 
of innovations produced by companies in each of 
five size categories. These data, which are based 
on a total of 277 innovations,44 show that large 
manufacturing companies (those with 10,000 or 
more employees) produced the greatest propor- 
tion of major innovations, followed by firms in 
the two smallest size categories. Companies of 
intermediate size (1,000-4,999 and 5,000-9,999 
employees) accounted for the fewest in- 
novations. The data also show that the number 
of innovations from large companies has in- 
creased over time, in both absolute and relative 
terms. 


Small firms, however, are sometimes regarded 
as those with less than 1,000 employees. By this 


42 For details of the methodology employed in the study, 
see Indicators of International Trends in Technological Innovation, 
Gellman Research Associates, Inc., 1975. (A study com- 
missioned specifically for this report). 

43 For a discussion of factors related to firm size which may 
influence innovation, see Sumner Myers and Donald G. 
Marquis, Successful Industrial Innovations, A Study of Factors 
Underlying Innovation in Selected Firms, National Science Founda- 
tion (NSF 69-17). 

44 Here, and elsewhere, the number of innovations used 
for analysis may be less than the total 319 innovations 
mentioned earlier because of the unavailability of specific 
data on all the innovations, or the consideration of only those 
originating from manufacturing industries. 


Figure 4-14 


Distribution of major U.S. innovations, by size of company, 1953-73 
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definition, the small firm—rather than the large 
one—was the site of the greatest number of 
major innovations during the 1953-59 and 1960- 
66 periods, but not in the 1967-73 period. 


The matter of firm size and innovation can be 
viewed also with respect to the sales volume 
associated with companies of different size. 
When this aspect is considered, the smallest 
companies are found to produce proportionally 
more innovations per unit sales than larger 
companies (figure 4-15). Small firms, further- 
more, have maintained a relatively higher level 
of innovative output per unit sales than larger 
companies in each of the time periods for which 
sales data are available.45 (The decline in the 


45 Data on sales and receipts of manufacturing industries, 
in terms of company size, are available only for the years 
1958, 1963 and 1967 and are taken from Enterprise Statistics, 


Department of Commerce, Bureau of the Census, 1968 and 
1972. 


number of innovations per unit sales, observed 
in each company size category, results from a 
combination of increasing company sales and a 
relatively constant number of innovations.) 


These indicators shed some additional light on 
the question of the relationship between firm 
size and technological innovation. The in- 
dicators, however, are dependent on the partic- 
ular set of innovations selected for study. 
Furthermore, all industries are treated as if they 
were alike, even though differences among them 
with respect to innovativeness may exceed the 
differences between small and large firms. 
Finally, the indicators offer no insights regard- 
ing the attributes, causal factors, and dynamics 
which determine the relative innovativeness of 
various size companies. For these and other 
reasons, interpretations of indicators presented 
here should be limited and tentative. 
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Figure 4-15 


Major U.S. innovations per $10 billion in sales, by size of company, 1953-73 
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Innovation and R&D intensity. The most 
R&D-intensive industries (Group I industries) 
produced the largest fraction of the major U.S. 
innovations in the manufacturing sector—182 
of the 277 innovations included in this analysis— 
during the 1953-73 period, followed by in- 
novations from industries in Groups II and III 
(figure 4-16). Innovations by Group I industries 
comprised 66 percent of the total, compared with 
24 percent in Group II and 10 percent in Group 
III industries. 


Group I industries accounted for 80 percent of 
the total industrial R&D expenditures over 
roughly the same period (1956-73), compared to 
16 percent from Group II, and 4 percent from 
Group III. Over the 1953-73 period as a whole, 
the number of innovations from the most R&D- 
intensive industries increased toa greater extent 
than those from the other two industrial groups. 
After the 1965-68 period, however, the number 
of innovations in Group I industries declined in 
relative terms. 


Within these industry groups, the largest 
number of innovations—171—are in four of the 
most R&D-intensive industries: electrical equip- 
ment and communication; chemicals and allied 
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products; machinery; and professional and 
scientific instruments (figure 4-17).4¢ It should 
be noted that innovations in the defense and 
space areas are not included unless they were 
introduced into the commercial market; this may 
account, at least in part, for the relatively small 
number of innovations from the fifth Group I 
industry—aircraft and missiles. 


Innovations in the manufacturing sector were 
examined to identify the major areas of in- 
novative activity and the shifts among these 
areas during the 1953-73 period. For this 
purpose, innovations were classified in terms of 
their product fields through use of the Standard 
Industrial Classification (SIC). The product 
fields with the largest number of innovations are 
listed below for each of three time periods. The 
fields are described briefly in terms of their 
corresponding three-digit SIC designations, and 
ranked in approximate order of the number of 
associated innovations. 


4e See Appendix table 4-17 for the number of major 
innovations in each of the 15 manufacturing industries. 


Figure 4-16 

Percent distribution of major U.S. 
innovations, by groups of R&D intensive 
industries, 1953-73 
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1953-59 


Medicinal chemicals & pharmaceutical products 
Industrial organic chemicals 

Electronic components and accessories 
Electronic calculating and computing machinery 
Metalworking machinery and equipment 
Machinery for specific industries 

Photographic equipment and supplies 


1960-66 


Electronic components and accessories 

Communications equipment 

Electronic calculating and computing machinery 

Synthetic materials 

Plastic films, sheets, and cellulose products 

Medical instruments and supplies 

Abrasives, asbestos & nonmetallic mineral 
products 


SS 
Figure 4-17 
Major U.S. innovations in selected 
industries, 1953-73 
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1967-73 


Electronic components and accessories 

Photographic equipment and supplies 

Motor vehicles and other transportation 
equipment 

Machinery for specific industries 

Abrasives, asbestos & nonmetallic mineral 
products 

Communications equipment 

Synthetic materials 


The prominent role of electronics is evident in 
each of the three periods, particularly during the 
early 1960's. The relatively large number of 
innovations in this area is due, in part, to 
significant advances in scientific knowledge in 
fields closely related to electronics.47 In- 


47 Richard R. Nelson, et al., Technology, Economic Growth, and 
Public Policy, (Washington, D.C.: The Brookings Institution, 
1967). 
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novations in product fields associated with 
chemicals appear to have declined somewhat 
since the 1950's. 


Another set of technological innovations was 
used in developing an additional indicator for 
this report.48 This set consisted of “IR-100” 
award winners, one hundred of which are 
selected annually by the Editorial Advisory 
Board of Industrial Research magazine. The awards, 
begun in 1963, identify significant technological 
advances and recognize innovators and organ- 
izations responsible for such developments. The 
innovations are selected on the basis of their 
importance, uniqueness, and usefulness from a 
technical standpoint. They are chosen, in 
general, from advances in technology which 
have particular interest for the industrial 
research community; for this reason, the 
innovations tend to concentrate in areas such as 
scientific instruments, electronic apparatus, and 
new industrial materials. The innovations, 
therefore, represent a somewhat limited seg- 
ment of the total U.S. innovation activity, and do 
not reflect market success nor economic impact. 


Each of the more than 1,200 “IR-100” award- 
winning innovations chosen over the 1963-74 
period was classified according to the SIC 
designation of the industry of origin and 
grouped in terms of its industry’s R&D intensi- 
ty. Over 75 percent of the innovations were 
found to originate in industries included in the 
three groups of R&D-intensive industries. (The 
remainder originated primarily in nonmanufac- 
turing industries, academic institutions, or U.S. 
Government agencies.) As shown in figure 4-18, 
the most R&D-intensive industries (those of 
Group I) were responsible for the largest share 
of innovations over the twelve year period, 
accounting for about 62 percent of all the “IR- 
100” awards. Industries in Group II claimed 
approximately 10 percent and Group III in- 
dustries some 4 percent of the total innovations. 
The preponderance of innovations in Group | 
results primarily from the large number of 
innovations originating in the electrical equip- 
ment and communications industry and the 
professional and scientific instruments industry. 
Together, these two industries accounted for 
over 45 percent of all the “IR-100” awards given 
over the twelve year period. 


48 Indicators of the Output of New Technological Products from 
Industry, Battelle Columbus Laboratories, 1975. (A study 
commissioned specifically for this report). 
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Time between invention and innovation. The 
innovation process—extending from the “first 
conception” of the innovation to “first 
realization’”—may cover a long period of time. 
This interval may be necessary, among other 
things, to conduct research, determine the 
technical feasibility of the potential innovation, 
design and test engineering prototypes, develop 
the required manufacturing capability, and 
perform market analyses. The period is difficult 
to define precisely, since invention and innova- 
tion usually occur as stages in the process, rather 
than as discrete events. Roughly, invention 
occurs when initial determination of the 
technical feasibility of a new idea is made, while 
innovation corresponds to the actual commercial 
development and marketing of the new product 
or process. The invention-innovation intervals 
are approximate, and are usually not strictly 
comparable from one study to the next. 


In a study of a selected number of major 
innovations,#° the interval between invention 
and innovation appeared to decrease over time, 
as suggested by the following gross historical 
trends.5° 


Average time between invention 
and innovation 


Time period Years 
Early 20th century (1885-1919) ..... 37 
Post-World War I (1920-1944) ...... 24 
Post-World War II (1945-1964) ..... 14 


It is generally advantageous for an industrial 
firm to minimize the time between invention 
(i.e., the first conception of an innovation) and its 
introduction into the market. Competing firms 
may introduce similar products earlier, giving 
thema favored position in the market; the cost of 
capital may increase; or a loss in sales and profits 
may be experienced due to a lag in the introduc- 
tion of innovations into the market. These and 
other considerations usually encourage rapid 
innovation in order to reduce risk and increase 
profitability. 


Trends in the time between invention and 
innovation were calculated from a set of 277 
innovations>! associated with the three groups 
of manufacturing industries which varied in 
respect to R&D intensity. The invention- 
innovation intervals, which ranged from less 
than one year to 82 years, were determined for 
each industry group and for all manufacturing 
industries combined. The results are shown in 
figure 4-19 in terms of the mean number of 
years between invention and innovation for 
three time periods between 1953 and 1973. 


These data suggest that the invention- 
innovation interval was shorter in recent years 
(7.2 years during the 1967-73 period) than in the 


4° Frank Lynn, “An Investigation of the Rate of Develop- 
ment and Diffusion of Technology in Our Modern Industrial 
Society”, Report of the National Commission on Technology, 
Automation, and Economic Progress, 1966. 

50 For other studies of the invention-innovation interval, 
see Edwin Mansfield, The Economics of Technological Change, 
(New York: W. W. Norton, 1968), and Interactions of Science and 
Technology in the Innovative Process: Some Case Studies, Battelle 
Columbus Laboratories for the National Science Foundation, 
March 1973. 

51 The 277 U.S. innovations are among those identified in 
Indicators of International Trends in Technological Innovation, 
Gellman Research Associates, 1975. 


1950’s (7.8 years), but generally somewhat 
longer than in the early 1960's (6.9 years).52 53 
Furthermore, the time between invention and 
innovation appears to correlate with R&D 
intensity. Industries with the largest fraction of 
financial and human resources for R&D tend to 
translate inventions into innovations more 
quickly than industries which are less R&D- 
intensive. In each of the three periods, the mean 
invention-innovation interval for industries of 
Group I was shorter than the interval for Group 
II which, in turn, was shorter than that for 
Group III industries. 


52It has been suggested that the actions of Federal 
regulatory agencies may be responsible, in part, for the 
lengthening of the invention-innovation interval in recent 
years. 

53 These data differ from those presented for the U.S. in 
the chapter, “International Indicators of Science and 
Technology”; the invention-innovation intervals in that 
chapter are based upon all industries rather than the smaller 
set of selected manufacturing industries encompassed in this 
section. 
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“Radicalness” of the innovations. Innovations 
may range from imitations of existing tech- 
nologies to developments of radically new 
technologies and products. At one end of the 
spectrum, little or no new knowledge may be 
involved in an innovation, while at the other end, 
new and fundamental advances in knowledge 
may constitute the basis for the innovation. The 
distribution of innovations along this spectrum 
was estimated by obtaining ratings of the 
“radicalness” of the innovations. These ratings 
were made by the innovating organizations 
themselves. Although inherently subjective, 
such ratings may provide some valid insights 
regarding trends in industrial innovation. 


Each innovation was assigned to one of five 
categories which together form the 
“radicalness” continuum: “no new knowledge 
required”, “imitation of existing technology”, 
“improvement of existing technology”, “major 
technological advance”, and “radical 
breakthrough”.54 Of the 225 innovations for 
which ratings were obtained, only 17 were rated 
in the first two categories; these innovations 
were omitted in subsequent analyses. Included 
among the innovations rated as radical were 
integrated circuits, permanent magnetic alloys, 
and L-Dopa, which is used in the treatment of 
Parkinson’s disease. Innovations regarded as 
representing major technological advances in- 
cluded hand-held solid state calculators, Ketalor 
(an anesthetic), and an ultrasonic process for the 
joining of synthetic fibers. Improvement of 
existing technology was represented by such 
innovations as a high-speed phototypesetting 
machine, resin catalysts, and Pyroceram, a hard, 
light-weight, and heat-resistant material. 


Innovations involving the improvement of 
existing technology were most prevalent, 
followed in order by those which constitute a 
major technological advance and the set which 
represents radical breakthroughs (figure 4-20). 
Over the 1953-73 period as a whole, 41 percent 
of the 208 innovations included in the analysis 
were rated as improvements in existing 
technology, compared with 32 percent in the 
category of major technological advance and 27 
percent in the radical class. The most significant 
change in this distribution during the period 


54 The “radicalness” of innovations, it may be noted, does 
not determine their economic or social significance. In- 
novations which represent improvements or even imitations 
of existing technologies may have greater economic returns 
or social consequences than more radical innovations. 
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Figure 4-20 
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centered on the latter two categories. The 
number of innovations rated as_ radical 
breakthroughs declined nearly 50 percent 
between 1953-59 and 1967-73, while the 
number representing major technological ad- 
vances doubled during the same period. As a 
result of these changes, radical innovations 
accounted for 18 percent of the innovations in 
the 1967-73 period, down from 35 percent in 
1953-59. 


The overall decline in radical innovations (and 
the corresponding increase in innovations 
representing a major technological advance) is 
due primarily to reductions in the number of 
such innovations from the most R&D-intensive 
industries (figure 4-21). Radical innovations in 
these industries decreased from 23 percent of 
the innovations in 1953-62 to 14 percent in 
1963-73, whereas the proportion involving 
major technological advances rose from 20 
percent to 30 percent over the same periods. 


Research and innovation. The technology 
embodied in an industrial innovation may be 


Figure 4-21 
“Radicalness” of major U.S. innovations, 


by groups of R&D-intensive industries, 
1953-62 and 1963-73 
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obtained through a variety of means. These 
include basic research, applied research, licens- 
ing, merger or acquisition of other concerns, and 
the transfer of technology from another product 
line. Various combinations of these means may 
be involved in the case of a single innovation. For 
example, the underlying technology for the 
light-emitting diode was acquired through a 
combination of internally generated basic and 
applied research, coupled with the transfer of 
technology from one of the firm’s existing 
product lines. 


The modes by which the technology was 
acquired for the innovations in this study are 
shown in figure 4-22. These data, supplied by the 
innovating firms, represent the number of 
innovations in which the various acquisition 
modes were involved. Each mode is counted 
separately, even if the underlying technology 
involved a combination of sources; and each 
mode, and all instances of its occurrence, are 
treated as equally important in the innovation 
process. It should be noted also that the 
information collected regarding the underlying 
technology applies only to the period between 
conception and realization of the innovation and 
does not include prior research activities. These 
several limitations require that the indicators be 
regarded as gross measures only. 


The dependence of innovation on research55— 
applied and basic—is evident from figure 4-22; 
applied research was involved in almost 75 
percent of the innovations, and basic research in 
almost 40 percent. Aside from research, the only 
other acquisition mode of significance was the 
transfer of technology from existing product 
lines. Actually, research is involved even more 
extensively in innovation than the figure 


Figure 4-22 


Sources of technology underlying major U.S. 
innovations, 1953-73 
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_ °° See the chapter in this report entitled “Basic Research” 
for additional information on the relationship between 
research and innovation. 
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suggests. First, much of the transferred 
technology itself is based on prior research. But 
even more important is the contribution from 
the total body of knowledge gained from 
centuries of scientific research—knowledge 
upon which innovation in general draws. 


The research directly underlying the in- 
novations was reported by the firms to have 
been performed primarily by the innovating 
companies themselves. This was particularly 
true for applied research, but significantly less so 
for basic research. In some 96 percent of the 
cases, applied research was performed within 
the innovating firm, compared with 73 percent 
for basic research. Although no attempt was 
made to determine where the external portion of 
the basic research was performed, it may be 
presumed to have been performed largely in the 
university sector. As indicated in the “Basic 
Research” chapter of this report, industrial 
innovation (as represented by major patented 
technological advances) depends heavily upon 
basic research performed in universities—a 
dependency which has increased over the years. 


Research figures prominently in the sampled 
innovations of all industries, the least R&D- 
intensive as well as the most intensive (figure 4- 
23). Applied research was involved in some 70 
percent of the innovations in each of the three 
groups of industries (Groups I, II, and III) which 
vary from high to low in their R&D inten- 
siveness. Basic research, on the other hand, was 
more frequently associated with the innovations 
of Group I industries than with those of Grgqups 
I] and III—44 percent versus 32 and 28 percent, 
respectively.5° 


A similar pattern of dependency was found 
between research and the “radicalness” of 
innovations (figure 4-24). Applied research was 
reported with nearly equal frequency for 
innovations representing radical breakthroughs, 
major technological advances, and_ im- 
provements in existing technologies. Basic 
research, however, was more often involved in 
innovations characterized as_ radical 
breakthroughs than it was in the other two 
categories. Such research was reported as a 
source of innovation in 68 percent of the new 
products and processes regarded as radical 
innovations, compared with less than 50 percent 
in the case of other innovations. 


5° The percentages reported in this section are based on 
the innovations within each group of R&D-intensive in- 
dustries. 
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Figure 4-23 

Research underlying major U.S. innovations, 
by groups of R&D intensive industries, 
1953-73 


(Percent of innovations in each group in which 
applied and basic research were involved) 


OR 10 20) 30) 40 50s 60: 70s 80) 90 3100 


_- Applied research 
Group | 


™™ Basic research 


Group II 


Group III 


1 Multiple responses were accepted. 
SOURCE: Gellman Research Associates, Inc. 


Figure 4-24 


Research underlying major U.S. innovations 
and “radicalness” of innovations, 1953-73 


(Percent of innovations in each category in which 
applied and basic research were involved)? 


ZL Applied research 


Improvement of 
existing technology 


\ Basic research 


Major technological 
advance 


Radical breakthrough 


1 Multiple responses were accepted. 
SOURCE: Gellman Research Associates, Inc. 


The U.S. innovations included in the study 
conducted by Gellman Research Associates, Inc., 
were examined to identify the more specific 
fields of science which had contributed in a major 
way to the realization of these innovations. 
These fields are listed below, along with the 
principal industries and product areas to which 
the fields contributed most directly. Associated 
with each field is a sample of the innovations in 
which the specific field played a significant role. 


Scientific 
field 


Industries and products 


Polymer 
chemistry 


Atomic 
electron and 
molecular 
physics 


Metallurgy 


Inorganic 
chemistry 


Optics 


Organic 
chemistry 


Solid-state 
physics 


Acoustics 


Biology and 
bioengineering 


Pharmacology 


Chemicals and allied products 
Plastic materials and synthetic resins 
Industrial organic chemicals 

Rubber and miscellaneous plastics products 


Electrical and electronic machinery and equipment 
Communication equipment and services 
Electronic components and accessories 
Electrical industrial apparatus 

Machinery 
Office, computing, and accounting machines 
Special industrial machinery 

Professional and scientific instruments 


Primary metals 

Fabricated metal products 
Machinery 
Transportation equipment 


Chemicals and allied products 
Industrial inorganic chemicals 

Stone, clay, glass, and concrete products 

Electrical and electronic machinery and equipment 
Electrical industrial apparatus 


Professional and scientific instruments 
Optical instruments and lenses 
Surgical, medical, and dental instruments 
Photographic equipment and supplies 

Electrical and electronic machinery and equipment 
Electronic components and accessories 


Chemicals and allied products 
Industrial organic chemicals 
Agricultural chemicals 

Drugs and medicines 

Food and kindred products 


Electrical and electronic machinery and equipment 
Electronic components and accessories 
Communication equipment and services 
Electrical industrial apparatus 

Machinery 
Office, computing, and accounting machines 

Professional and scientific instruments 


Machinery 

Special industrial machinery 

Office, computing, and accounting machines 
Electrical and electronic machinery and equipment 

Electronic components 

Communication equipment and services 
Professional and scientific instruments 


Professional and scientific instruments 


Surgical, medical, and dental instruments 
Electrical and electronic machinery and equipment 


Drugs and medicines 


Illustrative 
innovations 


acrylic adhesives 
double-knit synthetics 
polyoryl ether 
phenolic adhesives 
epoxy cement 


microwave transmission 
lasers 

weather satellites 
magnetic computer cores 
video tape 


permanent magnetic alloys 
transparent stainless steel 
superconducting magnets 

Niobium 

Beryllium 


Borazon 

oil slick emulsifiers 
synthetic cryolite 
Pyroceram 
synthetic diamonds 


optical scanners 
Polaroid camera 
holography via laser 
fiber optics 


liquid chromatography 
textured granular protein 
benzene—phenol process 
phenyldimethylurea (herbicide) 


light-emitting diodes 
minicomputers 

printed circuits 

integrated circuits 
silicon-controlled rectifiers 


long range sonar 
Xerox Telecopier II 
sonic pile drivers 
ultrasonic sealers 
acoustic couplers 
(telephone-computer) 


kidney transplants 

heart pacemakers 
muscle-activated prosthetics 
surgery by laser 


Ketalar (anesthetic) 

L-Dopa (Parkinson’s disease) 
Terramycin 

cortisone synthesis 
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Virtually all major fields of science contribute 
to technological innovation, but certain fields are 
particularly significant, as indicated in the table 
above. The physical sciences (especially 
chemistry and physics) are of general impor- 
tance across the entire spectrum of industrial 
innovation. The significance of the biological 
sciences and medicine has increased considerably 
in the last decade, both in their direct and 
indirect contributions to innovation. 


RETURNS FROM R&D AND INNOVATION 


The contribution of R&D and innovation to 
the economy and society is presently understood 
in broad and general terms only. Existing 
knowledge of the subject is fragmented and 
tenuous, to an extent which prohibits the 
development of indicators of the kind presented 
elsewhere in this report. Several studies, how- 
ever, have been conducted in the area, par- 
ticularly in the last decade. Some of the major 
findings of these studies are summarized below 
in the form of tentative conclusions based upon 
the collective results of these investigations. 


The findings from the various studies, in- 
cluding estimated rate of returns from invest- 
ment in R&D and innovation, are not strictly 
comparable. The studies employ different con- 
cepts, assumptions, and methodologies; each has 
limitations regarding the specification of inputs, 
the level of aggregation and the availability of 
data, and the method and degree of attribution 
of calculated outputs. They, in addition, have 
one major limitation in common—the inability of 
conventional measures (such as the Gross 
National Product and output per man-hour) to 
capture the full impact of technological innova- 
tion on the economy and on society. For these 
and other reasons of a methodological nature, 
findings regarding the contributions and returns 
from R&D and innovation appear to be un- 
derestimated in general (1).57 


The contribution of R&D to economic growth and 
productivity is ‘‘positive, significant, and high’(2). This 
contribution occurs through technological in- 
novation consisting of enhanced production 
processes and new and improved products and 
services. These may expand economic output, 
increase productivity, or reduce unit costs. Such 


5? These numbers refer to the references provided at the 
end of this chapter. 
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innovation is regarded as an important— 
possibly the most important—factor in the 
economic growth of the United States in this 
century (3-5). 


Investment in R&D and innovation yields a rate of 
return as high—and often higher—than the return from 
other investments. This applies to investments for 
specific innovations by both the public and 
private sectors and to R&D investments by 
individual industries. Rates of return from 
specific innovations are estimated, conservative- 
ly, to average between 10 and 50 percent per 
year (6-11), while returns to innovating in- 
dustries in the form of productivity growth 
range from 30 to 50 percent (12-21). 


The benefits to industries which purchase new and 
improved products from innovating firms may equal or 
exceed the direct returns to the innovating firms themselves. 
These benefits occur particularly in the form of 
reduced costs or prices per unit of output in the 
industries which purchase and use the in- 
novations. The rate of return to these industries 
is estimated to range from 20 to 80 percent per 
year (22-24). 


Industry may underinvest in R&D and innovation with 
respect to the probable returns to the firm and the benefits to 
society (25-27). Firms may invest less than the 
average returns to them would warrant because 
of the uncertainty and risk associated with 
specific innovation efforts, as wellas the lengthy 
time before returns can be expected, and the 
scale of investment which is often involved in 
innovation. Although the potential benefits to 
society may often exceed the cost of innovation, 
a firm may not be able to translate enough of 
these benefits into profits to justify the 
necessary investment. “This is particularly true 
of basic research, where the output frequently 
occurs. . .not asa marketable product but rather 
as an advance in basic knowledge that can 
subsequently be used in applied research and 
development by a wide and often unforeseeable 
range of firms” (27). 


Standard indices of economic performance reflect only 
part of the contribution which RGD and innovation make 
to the economy and society (28). Technological 
innovation sometimes results in new products 
(e.g., antibiotics and the airplane) which satisfy 
material needs and wants not satisfied previous- 
ly. The value of such innovations may far exceed 
the price paid for the products, although only the 
latter is counted in standard economic measures. 
In addition, the effects of qualitative im- 
provements in products and services (e.g., 


} 
j 
: 
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machinery requiring less maintenance or longer- 
lasting automobile tires) may not be represented 
adequately in common economic indices. In fact, 
innovations of this kind may contribute less to 
economic growth as commonly measured than 
was contributed by the unimproved products. 
Finally, in present economic accounting, goods 
and services provided to the public sector 
through nonmarket channels are valued at cost, 
rather than at market prices. Thus, benefits 
from R&D and innovation in areas such as public 
education and national defense may be un- 
derestimated by a considerable margin in 
conventional economic indices. 


While the benefits from innovation are only 
partially accounted for by economic indicators, 
little if any of the associated societal costs are 
reflected. These costs in human and social terms, 
as discussed earlier in this chapter, may be 
substantial, especially when the full range of 
adverse effects such as loss of jobs and potential 
health hazards are considered. 
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Science and Engineering Personnel 


INDICATOR HIGHLIGHTS 


The total number of scientists and engineers 
employed in these occupations in 1974 was 
approximately 1.7 million, which is nearly 
the same as in 1970, with engineers 
representing nearly two-thirds of the total. 


The number of scientists and engineers with 
doctorates reached approximately 245,000 
in 1973, representing almost 15 percent of 
all scientists and engineers; life and physical 
scientists each accounted for one-fourth of 
the doctoral total. 


The majority of doctoral scientists in 1973 
were employed in educational institutions 
(64 percent), and primarily engaged in 
teaching, while doctoral engineers tended to 
be concentrated in business and industry (49 
percent) and were primarily involved in 
R&D. 


Employment of scientists and engineers in 
universities and colleges increased between 
1965 and 1974 by more than 60 percent, 
with most of the growth occurring prior to 
1972; the largest increases in employment 
occurred for life and social scientists, 
bringing the total number of scientists and 
engineers employed in higher education to 
just over 288,000 in 1974. 


In recent years the proportion of young 
doctoral faculty in doctorate-level science 
and engineering departments has declined 
from approximately 42 percent in 1968 to 
some 28 percent in 1974; concurrently, 
median ages have increased from 41 to 44 
years, and the proportion of faculty with 
tenure has risen from 47 percent to 65 
percent. 


The largest number of the Nation’s scien- 
tists and engineers were employed in 
industry, with engineers accounting for 
nearly 80 percent of the total in 1974; 
approximately 25 percent of the engineers 
were involved in R&D and its management, 
compared with some 35 percent of the 
industrial scientists. 


The Federal Government supported less 
than one-fourth of all industrial scientists 
and engineers in 1974, down from nearly 30 
percent in 1972; most of the support was 
provided by DOD and NASA _ which 
together accounted for nearly 70 percent of 
all such Federal support. 


The number of scientists and engineers 
employed by the Federal Government 
declined in 1973 for the first time since the 
1950's; employment in this sector comprised 
10 percent of all employed scientists and 
engineers in 1973, with some 30 percent of 
the Federal total involved in R&D. 


The total number of scientists and engineers 
engaged in R&D (on a full-time equivalent 
basis) was 530,000 in 1974, down by more 
than 30,000 from the high in 1969; 68 
percent of the total were employed in 
industry, 13 percent in the academic sector, 
and 12 percent in the Federal Government. 


Approximately 40 percent of all doctoral 
scientists and engineers were involved in 
R&D in 1973; in universities, physical and 
life scientists comprised the majority of 
doctorates who were involved primarily in 
basic and applied research; in the industrial 
sector, most doctorates were engineers 
working on development-related activities. 


The number of R&D scientists and 
engineers in industry increased in 1973 and 
1974, reaching almost 360,000 (on a full- 
time equivalent basis) but nearly 7 percent 
less than the number employed in the peak 
year of 1969; the decline occurred primarily 
in the aircraft and missiles industry, and was 
confined mainly to those scientists and 
engineers supported by Federal funds. 


Academic R&D was conducted by 67,000 
scientists and engineers (on a full-time 
equivalent basis) in 1973, and was heavily 
focused on research (basic and applied). Of 
all the doctoral faculty involved in R&D, the 
proportion of young investigators decreased 


for all science and engineering fields by 14 
percent between 1968 and 1974. 


a Annual awards of bachelor’s and first- 
professional degrees in the sciences and 
engineering doubled between 1963 and 
1972; as a fraction of first degrees awarded 
in all fields, however, those in science and 
engineering remained essentially constant 
at nearly 30 percent during the period, due in 
large part toa rapid growth in the number of 
social science degrees awarded. Awards of 
master’s level degrees in science and 
engineering followed a similar trend, but 
declined in recent years to 21 percent of all 
master’s degrees awarded. 


o Annualawards of doctoral degrees in science 
and engineering began to level off in 1971, 
decreasing for the first time in a decade toa 
level in 1974 of approximately 18,000; the 
largest declines occurred in the number of 
physical science doctorates awarded; science 
and engineering doctorates as a fraction of 
all doctorates declined from 64 percent in 
1965 to 56 percent in 1974. 


The country’s scientists and engineers are an 
important national asset. They provide instruc- 
tion and training in the various fields of science 
and engineering, conduct basic research to 
advance the understanding of nature, and 
perform applied research and development in a 
diversity of areas such as health, defense, 
energy, and industrial technology. In addition, 
persons trained in the sciences and engineering 
are employed throughout the economy—from 
industrial management to agricultural 
production—to provide the knowledge and skills 
which are essential in a technologically advanced 
society. The role of scientists and engineers in 
helping to meet the changing needs of the 
Nation, coupled with the extended time and high 
cost involved in their training, requires that 
continuous attention be given to trends and 
patterns in the production and utilization of such 
personnel. 


This chapter presents information on the 
magnitude and characteristics of the Nation’s 
population of scientists and engineers. It con- 
siders trends in the supply and utilization of 
these personnel and examines developments 
which may affect their future supply. 


a The proportion of science and engineering 
graduate students receiving Federal support 
declined from 42 percent in 1967 to 25 
percent in 1974; this decrease was compen- 
sated primarily by increases in self-support 
(up 13 percent) and institutional support (up 
6 percent). 


ao Women comprised 5 percent of the persons 
employed in science and engineering oc- 
cupations in 1974, and were primarily 
involved in psychology, social sciences, and 
mathematics; in the academic sector, women 
represented 15 percent of all scientists and 
engineers employed full-time in 1974. 


o The predominant proportion of allscientists 
and engineers in 1972 were Caucasian (96 
percent), while 2 percent were Asian, and 1 
percent each were Black or were of other 
nonwhite background; the smallest propor- 
tional representation of minorities is in 
engineering (3 percent) and the largest is in 
mathematics (8 percent). 


Scientists and engineers, in this chapter, are 
defined as persons actually engaged in scientific 
or engineering work at a level which requires 
knowledge of the physical, life, social, 
mathematical, or engineering sciences 
equivalent at least to that acquired through 
completion of a four-year college program with a 
major in one of these fields, regardless of 
whether a college degree is actually obtained in 
the field. In regard to data presented on 
employment, enrollments, and degrees awarded, 
the health professions are not included under 
“science and engineering”, unless otherwise 
indicated. 


Throughout the chapter, information is 
limited to certain quantitative aspects of scien- 
tists and engineers. These measures, it is 
recognized, provide only a partial indication of 
the characteristics of such personnel. Lacking 
are measures of the quality of their work, extent 
of “underutilization”, and the increasingly 
important concerns of productivity and output. 
Furthermore, little is known about motivational 
factors that affect the supply and utilization of 
scientists and engineers, such as considerations 
which lead students to enter science and 
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engineering, or influence those already in these 
fields to move from one type of employment to 
another. The present lack of such indicators, it is 
hoped, will be remedied in the future as 
improved methodologies are developed for 
measuring these aspects. 


The measures of quantitative characteristics 
presented here are themselves less than com- 
plete.1 In the case of the utilization of scientists 
and engineers, for example, data are not 
available after 1970 with respect to industrial 
employment. Data are also lacking on new 
baccalaureates and masters entering the market 
since 1970. Information on the specific activities 
of scientists and engineers, especially those in 
the academic sector, are limited by the current 
inability to obtain full-time equivalent (FTE) 
data on major activities such as R&D and 
teaching, by field of science. The surrogate 
measure of numbers of scientists and engineers 
“primarily involved” in an activity provides a 
useful but relatively crude measure of this 
factor. In the case of supply, the latest data on 
the production of baccalaureate and masters 
degrees from the National Center for 
Educational Statistics covers the 1972-73 period. 


CHARACTERISTICS AND 
UTILIZATION OF SCIENCE 
AND ENGINEERING PERSONNEL 


Employment of scientists and engineers 


Employment of scientists and engineers 
stabilized in the first years of the 1970's, after 
increasing substantially for several decades.? 
During the 1950’s, the number of scientists and 
engineers doubled, rising from about 600,000 to 
nearly 1.2 million. In the 1960’s, employment 
grew by almost as much in absolute terms, from 
about 1.2 to over 1.7 million; the relative gain, 
however, was only about half that of the 1950- 
60 decade. Furthermore, between 1960 and 1970 
the number of scientists grew significantly 
faster than the number of engineers (75 and 38 
percent respectively), partially as a result of 
substantial gains in social science fields. 


1 Some of these deficiencies are expected to be corrected 
during the next year through the new National Science 
Foundation—Bureau of the Census surveys of industrial 
employment and the complete implementation of the 
National Science Foundation Manpower Characteristics 
System 

2 Employment of Scientists and Engineers, 1950-70, Bureau of 
Labor Statistics, Department of Labor, 1973 
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Beginning in 1969, growth in total employ- 
ment of scientists and engineers slowed and then 
remained relatively level until about mid-1972. 
The factors underlying these changes include 
cutbacks in defense, space, and associated R&D 
spending in these areas, the general economic 
climate, and the beginning of a slowdown in 
academic hiring. Though employment in some 
sectors continued to increase—namely, higher 
education and government (particularly State 
and _ local)—little if any growth occurred in 
industry, the major sector of employment for 
scientists and engineers. Unfortunately, no 
specific measurements of industrial employment 
of scientific and technical personnel have been 
taken since 1970, though a survey is being 
reinstated by the National Science Foundation. 
However, by using information on past trends 
and relationships and several related sources of 
information, it has been possible to prepare 
estimates of the probable level of industrial 
employment of scientists and engineers for 
1972. Using these estimates, together with 
information on nonindustrial sectors of employ- 
ment, it is thus possible to estimate the total 
number of scientists and engineers employed in 
1972. The available data do not permit estimates 
to be made for more recent years. 


In 1972, estimated overall employment of 
scientists and engineers stood at about 1.7 
million, approximately the same as in 1970. In 
the first years of the 1970’s, employment in the 
sciences continued to grow slightly while 
engineering employment declined somewhat 
between 1970 and 1972. These overall patterns 
of change include minor shifts in the sectoral 
distribution, with university and college and 
Government employment gaining while the 
proportion declined for the industrial sector. 


Although recent information is not available 
on an overall and detailed basis for scientists and 
engineers, selected information about such 
personnel is provided by the National Science 
Foundation’s National Sample of individuals in 
science and engineering jobs. A sample was 
drawn from the 1970 Census of Population and 
used for the 1972 and 1974 surveys; the results 
provide information on a large portion of the 
Nation’s science and engineering personnel. 


An estimate of the distribution of these 
personnel among fields of science and engineer- 
ing was obtained from the 1974 survey, and is 
shown below. 


Distribution of the 1970 science and engineering 
labor force by field, 1974 


Field Percent 
ENS MECKS U efepersyo cerecleieicinietere cieleiere ele vevereseisleicrs 64 
Physicaliscientistsigmaj-ysicricirsiielsiesexcieleleiisier- 14 
[eifeascientistsmmncmtsirsrre ter iverereckeesc.s}aret sce 7 
Gomputersclentists! servervels«.aleyeversce cer cietevajadnrs 5 
Socialiscientists (isn: stefat'ss.creies<aalssraistsaeie.s 4 
Rsvchologistsmeereyieristitact. ae eisai siete 3 
MathematicallSGlemtists® cfoseeiclseree o's cies s7e 3 


The following are some additional 
characteristics of the 1970 science and engineer- 
ing labor force, surveyed in 1974:3 


— Approximately 35 percent of the 
employed scientists and engineers are 
engaged in work supported with Federal 
funds. 


— Industry and business are the employers 
of most scientists and engineers, 65 
percent of the total in 1974. 


— Scientists and engineers holding doc- 
toral degrees account for some 15 
percent of the scientific and engineering 
population, master’s and professional 
degree holders almost 25 percent, and 
baccalaureates nearly 60 percent. 


— Management or administration was the 
most common work activity in which 
scientists and engineers were engaged in 
1974; this activity was reported by about 
30 percent of the sample, with about 
one-third (10 percent of the total 
employed group) involved in the 
management or administration of R&D. 


— Research and development was the 
primary work activity of almost 30 
percent of the employed scientific and 
engineering population, with almost 10 
percent involved in research (applied 
and basic). 


Doctoral scientists and engineers 


Those scientists and engineers holding doc- 
toral degrees represent, as a group, the most 
highly trained men and women in their 


3 “National Sample of Scientists and Engineers: Changes 
in Employment 1970-72 and 1972-74”, Science Resources Studies 
Highlights, National Science Foundation (NSF 75-309), May 
19, 1975. 


professions. The investment of resources in 
their education and training is significant in both 
monetary terms and in the amount of time 
involved. The characteristics and activities of 
this group warrant careful monitoring, since 
doctoral level scientists and engineers provide 
leadership for the entire scientific community. 


It is estimated that in 1973 there were 245,000 
doctoral scientists and engineers in the United 
States.4 This number is over twice that reported 
in 1963, and represents about 14 percent of all 
scientists and engineers. Approximately 9 
percent of the 245,000 doctoral scientists and 
engineers were women and 6 percent were 
foreign citizens. Scientists and engineers of 
oriental background made up 5 percent of the 
doctorate science and engineering population; 
Blacks, 1 percent; and other groups, 94 percent.® 


The physical and life sciences were the two 
largest fields represented in the 1973 population 
of doctoral scientists and engineers, as shown 
below.¢ 


Distribution of doctoral scientists 
and engineers, by field, 1973 


Field Percent 
JeiFEPSCIEMEISES! «.c:2:2 setesa.s fsusrayssere sostele, eros sctaencie 26 
Rhysicalisciemtists) srasoceecindt ace ee aoe 26 
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Soctal’sciemtists: > sec:citrscce) ore laterocsvere ere estrsieis sie 13 
Psychologists iicie vice crins crs ancieeiicice te 12 
Mathemiaticallscientists! 2 ..0.3c0ss0. 500606 6 
GZomputersScientiStsisperjatero susie ere. <tsiohavercral ete 1 


Among doctoral scientists, the proportion 
accounted for by physical scientists declined over 
the 1966-73 period while the life scientists’ share 
increased. Other fields remained relatively 
constant over the period in terms of their 
relative proportions (figure 5-1). 


Sectors of doctoral employment. The pattern 
of employment of doctoral scientists and 
engineers in 1973 is shown in figure 5-2. 
Doctoral scientists are predominantly employed 
by educational institutions (64 percent); within 


4 Doctoral Scientists and Engineers in the United States, 1973 Profile, 
National Academy of Sciences, 1974. 

5 For further information on this topic, see the subsequent 
section in this chapter entitled “Women and Minorities in 
Science and Engineering.” 

© Characteristics of Doctoral Scientists and Engineers in the United 
States, 1973, National Science Foundation (NSF 75-312). 
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Figure 5-1 
Estimated percent distribution of doctoral scientists, by field, 1966-73 
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Figure 5-2 


Percent distribution of employed doctoral scientists and engineers, 
by employment sector, 1973 
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SOURCE: National Science Foundation. 


this group 61 percent are employed by four-year 
colleges and universities and 2 percent by two- 
year colleges. During the period 1966-70, there 
was a shift in the proportion of doctoral 
scientists employed by business and educational 
institutions, the former declining and the latter 
increasing. However, in view of enrollment 
trends and financial problems of institutions of 
higher education, this shift is not expected to 
continue. 


Doctoral engineers as a separate group exhibit 
a different pattern of employment from scien- 
tists, with nearly half of them employed in the 
industrial sector. 


Primary work activities of doctoral scientists 
and engineers. The activities in which doctoral 
scientists and engineers were primarily involved 
are indicated in figure 5-3. The data donot show 
the time allocated among the several activities of 
doctoral scientists and engineers, but rather the 
activity reported as occupying the largest 
portion of their time. Teaching and R&D 
represent the primary work activities of doctoral 
scientists, the majority of whom are employed in 
universities and colleges. A declining proportion 


Figure 5-3 


of the doctoral scientists, however, were in- 
volved in R&D as a primary work activity during 
the period 1966-73. This decline of about 10 
percent was accompanied by a relatively larger 
increase in the fraction reported as primarily 
teaching’ (figure 5-4). 


Of the 32 percent of the doctoral scientists 
primarily engaged in R&D, over one-half were 
working in basic research, over one-third were 
involved in applied research, and only a small 
percentage in development and design. The 
number of such scientists primarily engaged in 
management activities, however, was nearly the 
same as the total number primarily involved in 
basic research (30,851 versus 31,213). 


The preceding discussion concerning the 
utilization of doctoral scientists and engineers 
provides, for the most part, a description of the 
characteristics of these doctorate holders in 
1973. Over time, however, there has been 
movement from initial doctoral disciplines into 
other fields of science, while others have shifted 


7? This topic is discussed in more detail later in this chapter. 
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Figure 5-4 


Estimated percent distribution of doctoral scientists, by primary work activity, 1966-73 
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to nonscience occupations. Between 10-30 
percent of the doctorates in each field are 
employed in fields different from their doctorate 
field. The fields of bioscience, mathematics, and 
psychology experience the highest retention 
rates, with approximately 90 percent of the 
doctorates in these fields still employed in the 
same field of their doctorate, while physics and 
chemistry have the lowest retention rates 
(approximately 70 percent). Data on shifts to 
nonscience occupations show 11 percent of the 
doctoral social scientists changing fields, com- 
pared to 6 percent of the doctoral chemists and 
doctoral psychologists.® 


Academic scientists and 


engineers 


employment of 


Universities and colleges employed about 
288,100 scientists and engineers in 1974 (in- 
cluding full-time and part-time personnel), an 
increase of 61 percent over the 178,900 


8 Doctoral Scientists and Engineers in the United States, 1973 Profile, 
National Academy of Sciences, 1974. 
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Teaching Other 


employed in 1965. Most of the growth occurred 
between 1965 and 1971, with increases in all 
scientific disciplines. The average annual rate of 
growth in academic employment of scientists 
and engineers between 1971-74 was only 1.7 
percent compared with 7.3 percent during 1965- 
71. In absolute terms, the largest growth 
occurred in the employment of life scientists and 
social scientists, which together accounted for 
more than three-fifths of the overall increase 
between 1965-74 (figure 5-5). In two fields, 
engineering and social sciences, there were small 
declines in employment from 1973 to 1974. 


As demand slackened for academic employ- 
ment during the early 1970's, the attainment of 
the doctoral degree in the sciences and engineer- 
ing became increasingly important as a requisite 
for employment in this sector. Since 1971, 
academic scientists and engineers with Ph.D.’s 
or health profession doctorates increased about 
10 percent, compared with small declines in the 
employment of persons with master’s or 
bachelor’s degrees (figure 5-6). Between 1965 
and 1974, employment of doctorates in univer- 
sities and colleges increased by more than 60 
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percent, with the result that by 1974, 65 percent 
of all academic scientists and engineers had 
doctorate degrees, compared with 60 percent in 
1965. 


Primary work activities among academic 
scientists and engineers have shifted toward 
more teaching and less R&D (figure 5-7). In 
1974, 17 percent of all science and engineering 
professionals working in institutions of higher 
education were primarily engaged in R&D, 
compared with 22 percent in 1965. A part of this 
shift is due to the rapid growth of two-year 
academic institutions where teaching is the 
primary activity of almost all the faculty. Other 


academic institutions, including the large 
research universities, also experienced the shift 
toward more teaching. During 1969-74, four- 
year institutions reported an average annual 
percentage rise of 4.7 percent in the number of 
scientists and engineers working primarily as 
teachers, compared with only a 0.4 percent 
average annual growth of those working 
primarily in R&D.? 


This shift in utilization occurred at the same 
time as the reduction in the rate of growth in 
Federal support for academic R&D. From 1968 
to 1974, annual increases in Federal R&D 
support to universities and colleges have not 
kept pace with increases in inflation; such 
support in constant dollars has declined about 8 
percent in this six-year period. The financial 
status of R&D in this sector might have been 
worse except for substantial increases in 
separately budgeted R&D support by the 
institutions themselves, and by State and local 
governments. Funds from the latter increased 
some 6 percent annually in constant dollars 
between 1968 and 1974 for a total growth of 
nearly $70 million. Support from the in- 
stitutions’ own funds rose at an average annual 
rate of 2.5 percent over the period for a total of 
almost $35 million. Federal support over the 
same period, on the other hand, declined by more. 
than $60 million in constant dollars.1° 


Selected characteristics of higher education 
faculty. Significant changes have occurred in 
recent years in the characteristics of the faculty 
of academic institutions, in terms of their 
median age, tenure status, and number of years 
since receipt of doctorate. 


Between 1968 and 1974, the overall propor- 
tion of young!! doctoral faculty in doctorate- 
level science and engineering departments 
decreased substantially, dropping from 42 
percent to 28 percent of the total doctoral 
faculty.12 For the fields shown in the table below, 
the total number of full-time faculty increased 


9° Manpower Resources for Scientific Activities at Universities and 
Colleges, January 1974, Detailed Statistical Tables, National 
Science Foundation (NSF 75-300-A), and earlier volumes. 

10 “Separately Budgeted Academic R&D Expenditures 
Decline in Real Terms in FY 1974”, Science Resources Studies 
Highlights, National Science Foundation (NSF 75-306), April 
2471975. 

11 Those who had held doctorates for seven years or less at 
the time of each study. 

12 Young and Senior Science and Engineering Faculty, 1974: Support, 
Research Participation, and Tenure, National Science Foundation 
(NSF 75-302). 
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Figure 5-6 


Employment of academic scientists and engineers, by level of attainment, 1965-74 
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SOURCE: National Science Foundation. 


by 8 percent from 1968 to 1974. However, the 
young doctorate faculty proportions declined in 
all seven fields, while even the absolute numbers 
of young doctorate faculty decreased in 5 of the 
fields, biology and psychology being the only 
exceptions. 


Proportion of young?? doctoral faculty in 
doctoral level science and engineering 
departments in universities and colleges, 
by selected fields, 1968 and 1974 
Young doctoral 
faculty as a percent 
of all doctoral faculty 


Selected fields 1968 1974 
Biology ates neers eles 32 27 
Chemistry a -sircscs ase 35 21 
EGOMOMUICS ja.5, Nuiers eleseseitio 43 34 
Electrical engineering .. 52 27 
Mathematics .........- 52 36 
Physics i825. fo oven tells 40 19 

Prerateleieveaayayake 43 37 


Psychology 


13 Those who had held doctorates for seven years or less at 
the time of each study. 
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1974 


soca 


| Average annual percent change | 


Level | 1965-71 e774 | 
i 
Total 7.3% 1.7% { 
Ph.D., Sc.D 8.8 4.0 
MD., D.DS. 5.6 9 
Master's 7.1 19) j 
Bachelor's or equiv. 48 —3 | 
Another recent trend is the substantial 


increase in the proportion of faculty with tenure. 
An American Council on Education study! 
found in 1973 that 65 percent of the faculty in all 
fields were tenured, compared with 47 percent in 
1969. Figure 5-8 presents more recent NSF data 
which show the 1974 proportions of tenured 
faculty in doctoral level science and engineering 
departments for 15 fields. Overall, 70 percent of 
these faculty have tenure, with the proportions 
ranging from a high of 81 percent in chemical 
engineering to 59 percent in physiology. 


Between 1969 and 1973, the median age of 
faculty in science and engineering fields 
employed in doctorate-granting institutions 
rose from 41 to 44 years.15 Changes in the 


14 Alan E. Bayer, Teaching Faculty in Academe: 1972-73, 
(Washington, D.C.: American Council on Education, 1973). 

15 Bayer, Ibid., and Alan E. Bayer, College and University 
Faculty: A Statistical Description, (Washington, D.C.: American 
Council on Education, 1970). 


Figure 5-7 
Academic scientists and engineers, by 
primary work activity, 1965-74 
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median age of faculty for several science and 


engineering fields are presented in the table 
below. 


Median ages of science and engineering 
faculty in doctorate-granting universities 
and colleges, 1969 and 197316 


Field 1969 1973 
All science and engineering fields ... 41 44 
Biological sciences ..............04- 43 46 
Ghemistrys reser siren te ecrsicree ers oes 39 43 
Earthisciences: ayia: cieyeterntiecicenlea 40 43 
Engineering: r.tecrctcciacies sta nore 41 47 
Mathemvaticsiqe<nye cute cecis cteratre tisiciesaie 37 39 
Bhiysicsgreteatys wees eran aeart iaeeine 39 43 
Psychology Vasirieroieteiaineisieers oles oes se 39 43 
Socialisciencessiwer: ssscilocen eee 39 43 


te National Science Foundation and American Council on 
Education, special tabulations. 


Figure 5-8 


Tenured faculty as a percent of all faculty 
in doctorate-level science and engineering 
departments, by field, 1974 
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It should be noted that age distributions 
among academic science and engineering doc- 
torate faculties do not differ greatly from those 
for doctoral scientists and engineers in other 
employment sectors (figure 5-9). While the older 
age pattern displayed by science and engineering 
faculty is related to the decreasing number of 
new faculty appointments, the relatively small 
proportion of employed doctorates under the 
age of 30 may be accounted for in part by the 
time required to attain a doctorate. In recent 
years, the median time-lapse between the 
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Four-year colleges and universities 
Business and industry 
Federal Government 


baccalaureate and the doctorate has been 
approximately 7 to 8 years.!7 


Inherent in the age and tenure data is an 
implication that the pattern in many fields over 
the next 5 to 10 years may be that of a relatively 
senior faculty, the great majority of whom will 
be tenured. However, it is possible that for some 
fields these recent trends could be reversed if in 


17 Doctorate Recipients from U.S. Universities: Summary Report, 
National Academy of Sciences, annual series. 
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the future, replacement openings for science and 
engineering faculty caused by death and retire- 
ment are filled extensively with new junior 
faculty on academic staffs. 


Utilization of postdoctoral personnel. 
Between 1967 and 1974, the number of science 
and engineering postdoctorals, as indicated by a 
survey of representative science and engineer- 
ing departments in doctorate-granting in- 
stitutions, increased by 21 percent, reaching 
almost 17,000 in 1974 (figure 5-10).18 The 
reasons for these increases may have changed 
midway during this period. In the late 1960’s, 
universities provided increasing numbers of 


Figure 5-10 

Postdoctorals and research assistants in 
science and engineering departments at 
doctorate-granting institutions, 1967-74 
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18 The indices for 1967-71 are estimates based on 
applications submitted to NSF for its departmental 
traineeship program. Indices after 1971 were collected by the 
“Survey of Graduate Science Student Support and Postdoc- 
torals” for matched departments. 


postdoctoral appointments as part of the general 
academic science expansion. Between the late 
1960’s and the early 1970’s, however, academic 
science funding from the Federal Government 
leveled off (in constant dollar terms), while the 
employment market for new doctorates, es- 
pecially in academic institutions, declined 
markedly. 


Although fewer academic R&D funds were 
available, there are at least two possible reasons 
for increases in the postdoctoral population 
between 1967 and 1974. Both new doctorates 
and the universities at which they worked may 
have used the postdoctoral appointments as a 
“holding pattern” until new Ph.D.’s could find 
desirable positions. This reason was given by 
over 35 percent of science and engineering 
postdoctorals in a recent study.!? A second 
possible reason is the interest of academic 
researchers in maximizing their research effec- 
tiveness in periods of financial stress. One way 
to accomplish this may have been to substitute 
postdoctorals for research assistants during the 
earlier years of the 1967-74 period, a pattern 
which is suggested by the data in figure 5-10. 


A high in the number of academic postdoctoral 
appointments was reached in 1972 followed bya 
decline resulting primarily from decreases in the 
number of postdoctoral appointments of ‘re- 
cent” doctorates (i.e., those who had earned their 
doctorates within four years of the study). In 
1972 these recent degree recipients comprised 
72 percent of all postdoctorals, compared with 58 
percent in 1974. 


Industrial employment of scientists and 


engineers 


The industrial sector is by far the largest 
employer of scientists and engineers.2° There 
was, however, some fluctuation in the level of 
employment during the 1970-74 period, reflec- 
ting first the layoffs of scientific and technical 
personnel in industry in 1971-72, and then the 
general upturn in the economy during late 1973 
and early 1974. Scientists and engineers 
employed in industry in 1970 constituted almost 
two-thirds of all such personnel employed in 


19 Characteristics of Doctoral Scientists and Engineers in the United 
States, 1973, National Science Foundation (NSF 75-312-A). 

20 “National Sample of Scientists and Engineers: Changes 
in Employment, 1970-72 and 1972-74”, Science Resources Studies 
Highlights, National Science Foundation (NSF 75-309), May 
19, 1975. 


that year, but increased in the two subsequent 
years so that the level in early 1974 was near that 
of 1970. 


Engineers accounted for nearly 80 percent of 
the scientists and engineers employed in the 
industrial sector in 1974. Physical scientists 
(including those in the environmental sciences) 
accounted for 11 percent of the total and 
computer scientists, 6 percent. 


In 1974, R&Dandits management constituted 
the largest primary activity of industrial scien- 
tists and engineers, involving almost 30 percent 
of the total group. However, as shown in the 
table below, there were some _ differences 
between the activity patterns of scientists and 
engineers. A larger fraction of industrial scien- 
tists were primarily engaged in R&D and 
management of R&D (36 percent) than was the 
case for engineers (26 percent). The next most 
common activity of industrial engineers was 
management of non-R&D activities, while for 
scientists it was the area of computer 
applications. 


Percent distribution of the 1970 science 
and engineering labor force employed in 
industry, by primary work activity, 19744 


Primary work activity Total Scientists Engineers 
R&D and R&D 

management ........ 29 36 26 
Management of 

non-R&D activities .. 19 15 20 
Production and 

INSPECtION) .ieie<:s:0 12> = 16 13 7 
DEST sudo es eeeemone 14 NA 18 
Computer 

Applications? <sce.<0.st7-/- 6 19 2 
Other activities ....... 16 17 7; 


4 NSF, special tabulations 


The Federal Government provided support 
for 23 percent of all industrial scientists and 
engineers in 1974 versus 28 percent in 1972. 
This decrease was evident among most fields. In 
both years, much of the Federal support was for 
industrial R&D activities. The estimated relative 
level of support varied widely among the 
different science fields. In 1974, 26 percent of the 
engineers and 22 percent of the mathematical 
scientists received Federal support; the same was 
true for only 10 percent of the physical scientists 
and approximately 5 percent of the life and 
environmental scientists. 


Over half—52 percent—of all Federal support 
of scientists and engineers in 1974 came from 
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the Department of Defense, with another 17 
percent provided by the National Aeronautics 
and Space Administration. With the exception of 
life and environmental scientists, engineers and 
scientists in industry received their major 
Federal support from the Department of 
Defense. 


Employment of scientists and engineers 
in the Federal Government 


Nearly 10 percent of all scientists and 
engineers are employed by U.S. Government 
agencies. The number of Federal scientists and 
engineers in 1973 declined by 3 percent over 
1972 to 162,000, the first sizable annual 
reduction since data were initially collected in 
1954.21 


The major agencies employing scientists and 
engineers are shown below in terms of the 
percentage of the total employed by each during 
1973: 


Distribution of Federal scientists 
and engineers, by agency, 1973 


Agency Percent 
10) Das Cana CHO cirboro i ariocer mito s 45 
USDA is sce pacieinereealst ness Cae cesses. 1S 
Imteniorssprtans acts a wale Oars othe vrsiecig ster 8 
INAS AL ere niseiaerntocisioietaisis Reese da wialeceleravsisiere’s 7 
Commerce (6 sie sceraas ioe. sittneyeoteie anaes 4 
EIB i ele cyoreisicittoweicie old ieie Sieieie, oS Cela Git wre 4 
Allvotheriapencies: =5..22c20 2000 scr foes 16 


Of all Federal scientists and engineers, some 
30 percent were employed in R&D positions in 
1973. Those engaged in research consisted of 
nearly 19,000 scientists and some 4,000 
engineers, whereas development activities 
employed nearly 19,000 engineers and over 
6,000 scientists. 


Employment of scientists and engineers in 
nonprofit institutions 


These institutions2? employ only about 1 to 2 
percent of the national total of scientists and 


21 “Federal Scientific and Technical Personnel Decline in 
1973”, Science Resources Studies Highlights, National Science 
Foundation (NSF 74-316), October 18, 1974. 

22, Which include research institutes, hospitals, and 
Federally Funded Research and Development Centers 
administered by nonprofit institutions. 
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engineers. By 1973, employment of scientists 
and engineers in this sector reached ap- 
proximately 26,300, an increase of some 20 
percent since 1965.23 In contrast to trends 
reported in the academic sector, virtually all of 
the increase in independent nonprofit in- 
stitutions was attributable to personnel who 
worked primarily in research and development; 
this group of personnel comprised nearly 90 
percent of all scientists and engineers employed 
in such institutions. 


RESEARCH AND DEVELOPMENT 
PERSONNEL 


Total scientists and engineers in R&D 


An estimated 530,000 scientists and engineers 
were engaged in R&D activities on a full-time 
equivalent basis in all sectors of the economy in 
1974. This number accounts for approximately 
one-third of all employed scientists and 
engineers.24 


Over the past two decades, the employment of 
these R&D scientists and engineers grew at an 
average annual rate of 4.1 percent, 1.6 times 
faster than the rate of growth of total civilian 
employment. In 1969-70, however, the long- 
term growth trend was reversed as the number 
of R&D scientists and engineers declined and 
national R&D expenditures in constant dollars 
decreased. Between 1973 and 1974, R&D 
scientist and engineer employment increased by 
nearly 5,000, reversing the downward trend 
slightly. The 1974 employment level, however, 
was over 30,000 short of the peak employment 
level reached in 1969. 


Doctoral scientists and engineers in R&D 


Approximately 90,000 of the science and 
engineering doctorates in the 1973 U.S. labor 
force cited R&D or R&D management as their 
primary work activity.25 While some one-third 
of all scientists and engineers were engaged in 
R&D, the proportion of doctorates primarily 


23 R&D Activities of Independent Nonprofit Institutions, 1973, 
National Science Foundation (NSF 75-308). 

24 See Appendix table 2-2 and National Patterns of R&D 
Resources, 1953-75, National Science Foundation (NSF 75- 
307). 

25 Characteristics of Doctoral Scientists and Engineers in the United 
States, 1973, National Science Foundation (NSF 75-312). 


involved in R&D-related work exceeded 40 
percent. 


The 1973 distribution of these scientists and 
engineers by field of science and work activity is 
shown in figure 5-11. Engineers represent the 
major portion of those with development as a 
primary work activity, while physical and life 
science doctorates constitute the major portion 
of those involved in research. A relatively large 
proportion of R&D doctorates spend the major 
part of their time in R&D administration. 


The 1973 distribution of R&D doctorates by 
type of employer is shown in figure 5-12. In 
contrast to the pattern for all R&D scientists and 
engineers, the doctorates are about equally 
concentrated in industry and educational in- 
stitutions, for all fields combined. Information 
on the distribution by type of employer for major 
fields of science is presented in figure 5-13. 
Physical science and engineering R&D doc- 
torates are most heavily concentrated in in- 
dustry, while life scientists, mathematical scien- 
tists, and social scientists are located 
predominantly in educational institutions. 


The concentration of R&D doctorates by 
employment sector varies considerably. Almost 
three-quarters of the doctorates employed in 


Figure 5-11 


industry are engaged primarily in R&D or R&D 
management, while the R&D involvement of 
doctorates employed in government is slightly 
higher. In academic institutions, where teaching 
is the chief activity, only one-fourth of the 
doctorates work primarily in R&D. 


R&D in the academic sector 


Some 67,000 or 13 percent of the Nation’s full- 
time equivalent R&D scientists and engineers 
were employed in universities and colleges in 
1974;2° approximately 26 percent (18,000) of 
these are graduate students working as scien- 
tists and engineers. In contrast to other sectors 
of employment, university and college personnel 
involved in R&D are usually primarily engaged 
in teaching. Thus, the actual number of faculty 
members engaged in R&D may be considerably 
greater than the reported FTE number of 
67,000. A 1973 survey of U.S. science and 
engineering doctorates showed that about 
80,000 of the science and engineering doctorates 
employed by universities and colleges considered 


© National Patterns of R&D Resources, 1953-75, National 
Science Foundation (NSF 75-307). 


Distribution of doctoral scientists and engineers within R&D activities, by field, 1973 
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Doctoral R&D scientists and engineers, by type of employer, 1973 
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Figure 5-13 


Distribution of doctoral R&D scientists and engineers, by field and type of employer, 1973 
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1 Includes earth scientists, oceanographers, and atmospheric scientists. 
SOURCE; National Science Foundation. 


themselves involved in R&D as a primary or a 
secondary activity.?7 


The type of R&D carried out by these 
academic scientists and engineers is heavily 
focused in the research area. An indicator of the 
extent of this concentration is R&D expen- 
ditures; in 1974, 96 percent of academic R&D 
funding was expended for research activities 
(basic and applied), with only 4 percent reported 
for development activities. 2° 


The extent of the involvement in research by 
scientists and engineers who have recently 
received doctoral degrees is indicated in figure 5- 
14. This figure applies to those faculty spending 
20 percent or more of their time in R&D; young 
investigators are defined as those who had held 
their doctorate seven years or less at the time of 
each of the studies. The proportion of young 
investigators in relationship to the total number 


27 National Science Foundation, special tabulations. 


Figure 5-14 


of faculty investigators has decreased 
significantly. These decreases, however, match 
the overall changes in faculty age distribution, 
regardless of activity. The physical sciences and 
electrical engineering have been most affected, 
while the decreases in young investigators have 
been least pronounced in biology and psy- 
chology. 


In 1974, more than one-half of the faculty 
investigators28 in the fifteen fields listed in the 
table below were performing R&D directly 
connected with project grants and contracts 
awarded by Federal agencies.?° This represents a 
considerable decrease from 1968, when two- 
thirds of faculty investigators were involved in 
Federal projects. There were large differences 
among the several scientific fields, however. For 


28 “Investigators” were defined as those spending at least 
20 percent of their time in research 

29 Young and Senior Science and Engineering Faculty, 1974: Support, 
Participation, and Tenure, National Science Foundation (NSF 75- 
302). 


Young doctorate faculty’ investigators’ as a percent of all faculty investigators, 1968 and 1974 
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example, more than three-fourths of the faculty 
investigators in biochemistry, but only one- 
fourth of those in sociology, were doing research 
connected with federally supported projects in 
1974. 

Proportion of faculty investigators 

performing R&D connected with Federal 
grants and contracts, by field, 1974 


Percent whose 
research was 


Field federally supported 
Alliifields' ho. Sitawsye cc wiayo'steiave'stoia's aa 56 
BioGhemiStey: (0. tvareisteuseeisisiestenste e's 78 
Physiology? sh.sec«:s-cicvs nevoyerotars Hones Stas 75 
Microbiology ws:ss cists ccnsteiateis e/ateleysse7s 74 
BYSICS# yas Aoierpitctean ores rere 72: 
Electrical engineering .............. Zi 
Chemical engineering ..............- 65 
Biology. sta sistarerrccsts stetocotelate ate ioketsten et 62 
Geology ser asaccsnsitiat sates 59 
Chemistry? scicaacedtasoerrosarciererss 58 
LOOPY Mere e as tress dream eatin ye 52 
Psychology, <scisiee'asereyeie< ats s soiee esate 43 
Mathematicsta. acces eccees een 42 
Botanyertatincecieciccee neweines nites 42 
EGOMOMIGS ex atapateeusiarsiatevnsiayaceiaie stereterets 30 
Saciology’siathiscuesarsiwaste scum mte ses 26 
Figure 5-15 


R&D in industry 


The number of R&D scientists and engineers 
(on a full-time equivalent basis) in industry was 
at its highest level in 1969, declined in later years 
through 1972, and then increased in 1973 and 
1974, bringing the number to approximately its 
1971 level (360,000, or 68 percent of all R&D 
scientists and engineers).3° The recent increases 
occurred primarily in the chemical, machinery, 
and electrical equipment industries; the largest 
decline since 1969 occurred in the aircraft and 
missiles industry.3! These four industries are 
among the leading industrial employers of R&D 
scientists and engineers, accounting for almost 
70 percent of the industrial total in 1974. 


The Federal Government is a major source of 
support for industrial R&D activities; 32 percent 
of industrial R&D scientists and engineers were 
supported by Federal funds in 1974 (figure 5-15). 


30 These and other aspects of industrial R&D are covered 
more fully in another chapter in this report entitled, 
“Industrial R&D and Innovation”. 

31 See Appendix table 4-9b. 


R&D scientists and engineers’ employed in industry, by source of R&D funds, January 1967 and 1974 


Federally supported (Thousands) 
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Chemicals 


1 Full-time equivalent basis. 
SOURCE: National Science Foundation. 
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All industries 


Electrical equipment 


Aircraft and missiles 


Machinery 


Motor vehicles 


Company supported 


However, this represents a significant decrease 
from 1967 when the Federal share amounted to 
44 percent. The relative decrease in federally 
supported R&D scientists and engineers is most 
evident in the machinery, aircraft, and motor 
vehicle industries. As shown in the figure, 
almost 80 percent of the federally supported 
R&D scientists and engineers are employed in 
the electricalequipment and aircraft and missiles 
industries, both of which are heavily involved in 
space and defense R&D. 


UNEMPLOYMENT AMONG SCIENTISTS 
AND ENGINEERS 


Employment of scientists and engineers 
during most of the 1960's rose substantially in all 
sectors. Unemployment was low, ranging 
around 1 percent, and for most of the period 
remained about three-fourths of the level for all 
professional, technical, and kindred workers, 
and no more than one-fourth the rate for all 
workers in the country (figure 5-16). However, 
starting in the early 1970's, changes in the labor 


Professional and 
Technical workers 


market for both scientists and engineers were 
brought about by a series of factors—cut-backs 
in defense and other R&D programs, the general 
economic downturn, and the beginning of the 
decline in academic recruiting. Thus, unemploy- 
ment rates for scientists and engineers reached a 
level of around 3 percent at the beginning of 
1971. At that point, the rate was nearly as high 
as that for all professional workers but only one- 
half that for all workers. Early in 1972 the 
employment situation began to improve. The 
unemployment rate for engineers alone dropped 
from 3.2 percent in the first quarter of 1971 to 
under 1 percent at the end of 1973—a rate 
similar to that of the mid-1960’'s. 


In mid-1974 the unemployment rate for a 
sample of scientists and engineers was 1.1 
percent.22 Of those employed, 97 percent held 
full-time positions while 3 percent were working 


32 “National Sample of Scientists and Engineers: Changes 
in Employment 1970-72 and 1972-74”, Science Resources Studies 
Highlights, National Science Foundation (NSF 75-309), May 
19/1975. ( 
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part-time. In late 1974, the unemployment level 
for engineers alone was still only 1.9 percent. 


Unemployment rates express only a part of 
the overall situation. The national unemploy- 
ment rate, for example, is expressed in terms of 
occupation last held. In some cases an individual 
scientist or engineer may have previously taken 
a nonscience or nonengineering job before 
becoming unemployed and would therefore not 
be reported as a scientist or engineer. Unemploy- 
ment levels, furthermore, do not indicate the 
extent of employment (part-time employment 
may be involuntary) nor the degree of un- 
derutilization in positions requiring lesser skills 
than individuals possess. In addition, in most 
instances it has not been possible to measure the 
difficulty or the length of time required for 
obtaining employment for scientists and 
engineers who are first entering the job market 
or for those who are changing jobs. 


SUPPLY OF SCIENTISTS 
AND ENGINEERS 


Early student interest in science and 
engineering 
Information concerning occupational 


preferences of college freshmen provides an 
early indicator of student interest in science and 
engineering.23 In recent years, interest has 
decreased in the occupations of research scien- 
tist, engineer, and educator, while increasing in 
those of medical doctor, nurse, and non-M.D. 
health professional (figure 5-17). 


A second indicator of early interest in science 
and engineering is the choice of college majors by 
National Merit Scholars as they enter college 
(figure 5-18). The proportion of these students 
planning to enter science and engineering 
increased from 62 percent to 70 percent between 
1966 and 1974. Between 1972 and 1974, 
however, there was a decline of two percentage 
points in the proportion of National Merit 
Scholars choosing science as a major, while over 
this same period, there was an increase of nearly 
three percentage points in those planning to 
major in engineering. 

The earliest information about undergraduate 
enrollments by major field is obtainable in a 


33 The American Freshman: National Norms, American Council 
on Education and University of California, Los Angeles, 
annual series. 
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student’s junior year. One study shows that 
total junior-year undergraduate enrollment 
increased by 3.2 percent in the fall of 1972 over 
the fall of 1971.34 The number of students 
majoring in various science and engineering 
fields increased about 4.5 percent. Life science 
majors increased by more than 12 percent. Social 
science majors increased about 6 percent, and in 
the fall of 1972, they accounted for 47 percent of 
the science and engineering majors. Fewer 
students chose majors in engineering, 
mathematical sciences, and physics, while small 
increases occurred in chemistry and other 
physical science majors in the fall of 1972. 


34 J. E. Dutton and B. A. Blandford, Enrollment of Junior-Year 
Students (1971 and 1972), (Washington, D.C.: American 
Council on Education, 1973). 


Figure 5-18 


College majors of National Merit Scholars, 
1966-74 
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Source: National Merit Scholarship Corporation. 


Bachelor’s degrees awarded 


Annual awards of bachelor’s degrees in the 
sciences and engineering are shown in figure 5- 
19 for the years 1960 through 1972, the last year 
for which National Center for Educational 
Statistics data are available. Over the 1960-72 
period, the annual recipients of science and 
engineering degrees doubled, including a tripling 
of the number of recipients of social science 
degrees. Social science degrees—as a proportion 
of all bachelor’s degrees in science and 
engineering—rose from about 26 percent in 
1960 to almost 50 percent in 1972. 


Bachelor’s degrees in science and engineering, 
as a fraction of bachelor’s and first-professional 
degrees35 in all fields, remained essentially 
constant at approximately 30 percent between 
1960 and 1972. The large increases in annual 
recipients of social science degrees were respon- 
sible for maintaining the fraction at a constant 
level; engineering degrees, as a proportion of 
degrees in all fields, declined continuously from 
10 percent to 5 percent during the period and the 
physical sciences fell from 4 percent to 2 percent. 


Graduate enrollments in science and 
engineering 


Enrollments in the various fields at the 
graduate level are affected by many complex 
factors, including population trends, attitudes 
and aspirations (such as the increasing career 
interests of women), military draft regulations, 
employment outlook, and financial capability of 
the students. The availability or lack of Federal 
support for fellowships, traineeships, and train- 
ing grants has an obvious, though not precisely 
measurable influence on graduate enrollments 
in science and engineering. 


Enrollments for advanced degrees in science 
and engineering fields, as shown by annual data 
from the National Center for Educational 
Statistics, have grown considerably over the 
long term, doubling from 1960 to 1972 (figure 5- 
20). Within the science and engineering fields, 
engineering had the largest enrollment from 
1960 through 1968, but declined in later years. 


During the 1960-72 period, however, the most 
rapid growth in enrollment for advanced degrees 
occurred in fields other than science and 


35 M.D., D.D.S., D.V.M., etc. 
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engineering. As a result, enrollment for ad- 
vanced degrees in science and engineering fields 
as a proportion of all advanced degree enroll- 
ment declined from 38 percent in 1960 to 28 
percent in 1972 (figure 5-20). Engineering and 
the physical sciences accounted for most of this 
decline. 


Related data, though not strictly comparable 
to those of the National Center for Educational 
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Statistics, illustrate the direction of more recent 
trends in graduate enrollment. Data collected by 
NSF from institutions granting science and 
engine ering doctorates indicate that the number 
of full-time graduate students in these fields 
decreased steadily from 1969 to 1974. Data from 
this fall 1974 survey indicate that full-time 
graduate science enrollment increased about 5 
percent over fall 1973, the first increase since 
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1969. The life sciences accounted for almost all 
of the overall increase.3¢ 


Master’s degrees awarded 


Annual awards of master’s degrees in science 
and engineering for 1960 through 1972 are 


3e “Graduate Science Enrollment in 1974 Shows First 
Increase Since 1969”, Science Resources Studies Highlights, 


National Science Foundation (NSF 75-328), October 22, 
1975. 
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shown in figure 5-21. The number of these 
degrees awarded annually increased by over 150 
percent between 1960 and 1972, with the largest 
percentage increases occurring in the 
mathematical sciences (307 percent) and the 
social sciences (263 percent), and the smallest in 
the physical sciences (86 percent). As a fraction 
of master’s degrees in all fields, sciences and 
engineering degrees declined from a high of 30 
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Figure 5-21 


Master’s degrees in science and engineering, 1960-72 
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percent in 1965 to 21 percent in 1972; the largest 
proportional declines occurred in engineering 
and the physical and life sciences. 


Doctoral degrees awarded 


Annual awards of doctorates are shown in 
figure 5-22. Science and engineering degrees 
accounted for the majority of all doctorates 
awarded between 1965 and 1974, but their share 
fell from a high of 64 percent in 1964 to 56 
percent in 1974. The number of men receiving 
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doctoral degrees decreased in 1974, and 
although there was an increase in women 
doctorates it was not great enough to offset the 
drop for men. 


Changes in major areas of science over the 
1965-74 period are shown in figure 5-22. The 
physical sciences exhibited the slowest growth 
throughout the period and the largest decline in 
recent years; the number of physical science 
doctorates awarded dropped almost 20 percent 
from 1971 to 1974. Much of this decline is due to 


Figure 5-22 
Doctoral degrees awarded, 1965-74 
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the sharp drop in physics and astronomy 
doctorate recipients, down 23 percent from 1971 
through 1974, and to a nearly 20 percent 
decrease in chemistry doctorates over the same 
period. 


Graduate student support 


During the 1967-74 period, there were 
significant shifts in the patterns of support of 
graduate science students. In 1974, Federal 
support for full-time graduate science students 
in doctorate-granting institutions was provided 
at a level only slightly more than one-half that of 
1967. While Federal support was being reduced, 
institutional and self-support increased, as 
shown in the table below. 


Percent distribution of full-time 
graduate science students in doctorate 
departments, by source of major support, 
1967 and 197437 


Major source of support 1967 1974 
Federalisupport: fisizsccsratstets:e(e/s-sfefcicre's 42 25 
Institutional support ............... 34 40 
Other outside support ............. 10 9 
Self@supportes secrets actlarteoe es 14 26 


Among the various Federal programs for 
financial aid to graduate students, major reduc- 
tions occurred in the number of awards for 
fellowships and traineeships.38 By 1974, the 
number of graduate science students on federal- 
ly supported fellowships and traineeships was 
reduced to approximately one-third of the 1967 
level. There was also a decrease in the employ- 
ment of graduate students on research projects, 
with the result that research assistants receiving 
Federal support declined by almost 20 percent 
during the same period. Since Federal R&D 
obligations to academic institutions rose 11 
percent in constant dollars from the base year of 
1967, it appears that occupational categories 
other than research assistants were given 
greater priority by these institutions. 


There have been marked changes in patterns 
of Federal support of fellowships, traineeships, 


37 Graduate Student Support and Manpower Resources in Science 
Education, 1969, National Science Foundation (NSF 70-40) and 
Graduate Science Education: Student Support and Postdoctorals, Fall 
1974, National Science Foundation (NSF 75-322). 

38 Graduate Science Education: Student Support and Postdoctorals, 
National Science Foundation, annual series, and special 
tabulations. 
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and training grants in recent years.?? Rather 
than providing direct student aid, there has been 
a tendency to rely more heavily on graduate 
student participation in federally funded 
research projects that support areas of national 
concern. Thus, Federal obligations for 
fellowships, traineeships, and training grants 
declined from $421 million in 1971 to $287 
million in 1973. These funds rose again in 1974 
to $327 million, largely because approximately 
$85 million of funds impounded in 1973 were 
released to HEW in 1974. 


Among Federal agency programs affected by 
the shifts in funding were the Office of 
Education’s student programs under the 
National Defense Education Act, NSF's 
traineeship program, and NASA’s traineeship 
program. As aresult, obligations by the Office of 
Education declined from $52 million in 1971 to 
$41 million in 1972, and after the termination of 
National Defense Education Act awards, to $10 
million in 1973. NSF’s support of fellowships and 
traineeships dropped from $42 million in 1971 to 
$16 million in 1973, and NASA’s traineeship 
program was virtually eliminated. 


Reductions in Federal support of fellowships, 
traineeships, and training grants were spread 
across all fields of science. The largest absolute 
decrease occurred in the life sciences, which 
dropped from $225 million in 1971 to $179 
million in 1973. 


Immigrant scientists and engineers 


Another source of supply of scientists and 
engineers are those persons achieving im- 
migrant status in the United States. Ap- 
proximately 6,600 scientists and engineers 
immigrated to the United States in 1973. These 
numbers (see the table below) represent a 
reduction from the high 1966-72 yearly inflows 
resulting from revisions in October 1965 in the 
national immigration laws. 


Scientists and engineers immigrating to the 
United States, annual average, 1949-7340 


Natural Social 
Period Total Engineers scientists scientists 
1949-65 .. 4,053 2,851 1,048 154 
1966-72 33) “I;531 7,993 2,973 565 
OT SI rotersears 6,632 4,443 1,790 399 


39 Federal Support to Universities, Colleges, and Selected Nonprofit 
Institutions, National Science Foundation, annual series. 

40 “Immigration of Scientists and Engineers Drops Sharply 
in FY 1973; Physician Inflow Still Near FY 1972 Peak”, Science 
Resources Studies Highlights, National Science Foundation (NSF 
74-302), March 29, 1974, and earlier reports of the series. 


138 


In February 1971, the existing system of 
“precertification” of prospective immigrants 
came to an end under U.S. Department of Labor 
regulations. This change did not bring about an 
immediate reduction in immigration because 
large numbers of foreign scientists and 
engineers, in anticipation of this legislation, had 
become precertified for immigration and eligible 
to enter the United States. There were enough 
of these scientists and engineers “in the pipeline” 
to maintain a high inflow of immigration 
through 1972, but the number of immigrant 
scientists and engineers has fallen sharply since 
that year. 


Over the period 1966-68, the largest numbers 
of immigrant scientists and engineers came to 
the United States from developed nations. After 
that time, the situation changed, with by far the 
largest numbers coming from the developing 
nations. 


WOMEN AND MINORITIES 
IN SCIENCE AND ENGINEERING 


Women employed in science and engineering 


Increasing interest has been expressed in 
recent years in the opportunities for participa- 
tion of women in science and engineering. 
Despite the widespread interest, however, 
relatively little information is available on the 
subject, particularly those that allow the ex- 
amination of trends over time. This section 
presents some data concerning the employment 
of women in science and engineering oc- 
cupations, women receiving doctorates in these 
areas, and women enrolled for advanced degrees 
in the sciences and engineering. 


In 1974, women comprised 5 percent of the 
persons employed in science and engineering 
occupations, compared with 39 percent of the 
total civilian work force, and 41 percent of the 
professional and technical workers.4! Large 
differences exist in the level of employment of 
women among the various fields of science and 
engineering, as shown in the table below. 


41 The category of professional and technical workers 
includes occupations such as accountant, lawyer, nurse, 
physician, and teacher. In 1970 (the most recent year for 
which comparable data are available), the proportions of all 
lawyers who were women (5 percent) and the proportion of 
all physicians who were women (9 percent) were relatively 
similar to that for scientists and engineers (5 percent). 


Percent distribution of women scientists and 
engineers, by field, 197442 


Field Percent of total 
Psychologistswerstajs)<tacvaveie sforsisisioe creche 28 
SocialisciemtiSts)s fyjers-<ayels(s01<s-vaveseveis elev 21 
Mathematical scientists ............ 15 
Mi FerScientistSmarer-rcjclecocistcie siete cterctetaiate 13 
Gomputer/scientists: 6... 0. 101 12 
Phiysicalisciemtis tsp aay) ye)ciero'oye «ate iorete 8 
Environmental scientists ........... 3 
EM Bin Gers ieyeveveretcte cieyoxclevere eieusievexercreketsv 1 


Women scientists and engineers were most 
likely to be involved in psychology and the social 
sciences, and least likely to work in engineering 
and in the environmental and physical sciences. 


A somewhat different pattern of employment 
of women scientists and engineers exists in the 
academic sector. In 1974, 15 percent of the 
scientists and engineers employed full-time? at 
colleges and universities were women; 16 
percent of the scientists and 1 percent of the 
engineers. The proportion of women in each 
field of science varies widely, as shown in the 
table below. 


Women comprise 21 percent of both the life 
scientists and the psychologists, but less than 10 
percent of both the physical and environmental 
scientists. In the case of doctorate-granting 
institutions alone, the level of employment of 
women is somewhat lower than in colleges and 
universities as a whole. 


Women in graduate education 


An increasing number of women are pursuing 
advanced studies in science and engineering 
(figure 5-23). Between 1965 and 1974, the 
number of women receiving doctoral degrees in 
science and engineering increased by almost 250 
percent, from 744 to 2,590. This absolute 
growth also represents an increase in the share 
of science and engineering doctorates earned by 
women, the proportion growing from 7 percent 
in 1965 to 14 percent in 1974. By 1974, women 
were awarded 24 percent of the doctorates in the 
social sciences, and 18 percent in the life sciences, 
but 10 percent or less in the mathematical 
sciences, physical sciences and engineering.‘¢ 
The proportion of women students enrolled for 


Full-time women scientists and engineers employed 
by universities and colleges, by field, 197444 


All institutions 


Number 

Field of women 
All scientists and engineers .............-- 35,083 
JAIN oooodeanguDsooonUoeneanuaadoonn 311 
BhysicalliscientistS) 22.060. .00)< + 10+ oniee cies 1,912 
Ghemistsome neocon occe.s cee cisyeversrcies arsine 1,378 
Ny SiGiStS ee riescers icicle) sein oes cio etraie eistsisieminets 392 
Other physical scientists ............... 142 
Environmental scientists#5 ................ 319 
Mathematicaliscientists ./... <\. je.ej2/< le<'el<'e 2,825 
Bifeyscientists; qavess/-y-isyseseciesis sisielcislate piavolslejers 19,264 
/N-aglanlgticS: Gos acguDeOUaUanOOOUASDOCONS 1,796 
Biological aipeypercucitcyelevetecieiniscsiovetetelsteteerererete 5,550 
Medical tererscicracteiociniecicitoetsieeistsis/sieiece 11,918 
Rsvchologistsuertrrerecieiieneeisiciseciciseioeiasier 3,067 
Sociallsciemtis tsa rteyaraetss crave retsicrsvereve/sravalorereteters 7,385 


42 National Science Foundation, special tabulations. 

43 Data for part-time women scientists and engineers are 
not available. 

44 Manpower Resources for Scientific Activities at Universities and 
Colleges, January 1974, Detailed Statistical Tables, National 
Science Foundation (NSF 75-300-A). 


Doctorate institutions 


Percent women Number Percent women 
in each field of women in each field 
15 20,896 14 
1 260 2 
7. 801 5) 

10 526 vA 
4 197 S) 

7 78 6 
5 195 5 
13 856 9 
21 14,605 19 
13 15757. 15 
18 3,379 16 
25 9,469 22 
21 W132) 17 
15 3,047 13 


45 Includes earth scientists, oceanographers, and _ at- 
mospheric scientists. 

46 For further, more recent information on this topic see 
Joseph L. McCarthy and Dael Wolfle, “Doctorates Granted 
to Women and Minority Group Members”, Science, Vol. 189, 
(1975), pp 856-859. 
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Figure 5-23 

Women as a percent of total science and 
engineering doctorate recipients, by field, 
1965-74 
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1 Includes environmental sciences. 
SOURCE: National Academy of Sciences. 


advanced degrees in science and engineering, as 
reported by the Office of Education, also 
increased markedly, by 73 percent overall 
between 1966 and 1972. In 1972 (the latest year 
for which data are available) women represented 
varying proportions of the total enrollments of 
each of the fields below. 


Proportion of women enrolled for 
advanced degrees, by field, 
1966 and 1972 


Percent of total 


Field 1966 1972 
All science and engineering fields ... 13 19 
SoctaliSciemGesinets eussis:-t-rorsvers iesshe erarstey= 24 31 
Teife: SCLENGES wa figs Gl deieterocelesieierete erties 20 24 
Mathematical sciences ...........+- 18 22. 
Physicalisciences! rsciacstsnelteeine 8 12 


One factor which may affect the participation 
of women in science and engineering is the 
substantial difference in salary levels for men 
and women in science occupations. Among 
doctoral scientists and engineers, the 1973 
median salary for women ($17,600) was 17 
percent lower than that for men ($21,200). 
Women’s salaries are consistently below men’s 
at each age level, but the gap widens con- 
siderably after age 40.47 


Racial minorities in science and engineering 


Information concerning the racial identifica- 
tion of members of the scientific community has 
been made available only in recent years. Data 
are presented here concerning the racial com- 
position of the national pool of scientists and 
engineers, the characteristics of minority doc- 
toral scientists and engineers by field, and the 
representation of minority students in each field 
of graduate science study. 


Caucasians represent the predominant por- 
tion of all scientists and engineers (96 percent); 
those of Asian background account for over 2 
percent, Blacks comprise about 1 percent, and 
other nonwhites (e.g., American Indians) the 
remainder (figure 5-24). 


The field of mathematics has the largest 
proportion of racial minorities (8 percent), 
followed by the physical sciences (6 percent) and 
the life sciences (6 percent). Blacks have the 
highest level of participation in mathematics, 


47 Doctoral Scientists and Engineers in the U.S., 1973 Profile, 
National Academy of Sciences, 1974. 


representing 5 percent of all mathematicians, 
Orientals in the physical sciences (4 percent), 
and other races in the life sciences (1 percent). 
The largest absolute number of minorities, by 
total and for each group, are found in engineer- 
ing, although minorities have the smallest 
proportional representation in this field. 


The representation of minorities among 
doctoral scientists and engineers in 1973 is 
shown in the table below.48 


48 Characteristics of Doctoral Scientists and Engineers in the United 
States, 1973, National Science Foundation (NSF 75-312) 
49 Less than 0.05 percent. 


Figure 5-24 
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SOURCE: National Science Foundation 


American 
Field Black Indian Asian 
All scientists and engineers 0.8 (49) 4.5 
Physical scientists ........ 8 (49) 4.7 
Mathematical scientists 8 NA 4.8 
Environmental scientists 2 NA 2.8 
ENPIMECTS peteveterareielectetore tele 2 (49) 8.4 
LifeyscientistSeuecheiccrcersc 9 (49) 4.3 
Psychologists’ s.cj.02 sse/sie me) (49) 1.1 
Socialtscientists) #Ae-neese aleal al 3.6 
(Percent) 

5 6 7 8 9 

| | | | 
All minorities 
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Among the black doctoral scientists and 
engineers, the largest proportion is involved 
primarily in teaching activities (40 percent), 
followed by administration (19 percent), and 
research and development (16 percent). This 
pattern of activity applies in each of the fields. 
Black doctoral scientists and engineers are 
employed for the most part by universities and 
four-year colleges (61 percent), with the next 
largest proportions employed by industry (13 
percent) and the Federal Government (7 per- 
cent). This pattern is consistent across all fields. 
In comparison, about one-half of the white 
doctoral scientists and engineers are employed 
by universities and four-year colleges, with the 
next largest proportion (21 percent) employed 
by industry, and 8 percent employed by the 
Federal Government. Doctoral scientists and 
engineers who are American Indians also are 
primarily involved in teaching (69 percent) and 
employed by universities and four-year colleges. 


Asian doctoral scientists and engineers exhibit 
quite different characteristics. They are primari- 
ly involved in research and development (41 
percent), teaching (29 percent), and administra- 
tion (7 percent). Compared with the other 
minorities, a greater proportion of Asians are 
employed by industry: 51 percent in universities 
and four-year colleges, 28 percent in industry, 
and 5 percent in the Federal Government. 


These data suggest that there are 
characteristic patterns of involvement in science 
for selected minorities. Black scientists and 
engineers, for example, tend to be involved in 
social science and health science fields, and 
predominantly in teaching activities. In contrast, 
Asian Americans tend toward the physical 
sciences and engineering, and involvement in 
R&D activities. 
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An indication of the current participation of 
minority students in science and engineering 
graduate study is presented in the following 
table.5° It should be pointed out that these data 
do not represent national totals, but they were 
reported by a significant proportion of 
doctorate-granting institutions. 


Proportion of minorities in science 
and engineering graduate studies, 
by field, 1973 


Percent in each field 


American 
Field Black Indian Asian 

All science and engineering 2.5 0.3 2s 
Physical sciences ......... 1.4 2) 2.6 
Mathematical sciences .... 2.5 22 Di 
Engineering. sss <sion cies 1.2 a eke) 
Lifesciences! <5. sisineersersts 5 23 1.9 
Health professions ........ 5:5 6 2.0 
Social sciences and 

psychology’ <.s-cc2.2<es0s% 4.1 = 1.1 


In analyzing the proportion of black students 
enrolled in each field, it is apparent that the 
health professions and social sciences attract the 
largest percentage of black graduate students, 
while engineering, physical sciences, and life 
sciences attract the lowest proportion. In 
contrast, the Asian graduate students enroll in 
higher proportions to study engineering and the 
physical sciences, and are less involved in the 
social sciences. 


50 Elaine H. El-Khawas and Joan L. Kinzer, Enrollment of 
Minority Graduate Students at Ph.D.-Granting Institutions, 
(Washington, D.C.: American Council on Education, 1974). 


Public Attitudes Toward 


Science and Technology 


Public Attitudes 
Toward Science and Technology 


INDICATOR HIGHLIGHTS 


The belief that science and technology have 
changed life for the better was expressed by 
75 percent of the public in 1974, compared 
with 70 percent in 1972; 5 percent saw the 
change as for the worse, down from 8 
percent in 1972. 


In the public’s ranking of nine professions 
and occupations, scientists were second only 
to physicians in both 1972 and 1974, with 
engineers in third place. 


Science and technology were believed to 
have done “more good” than “more harm” 
by 57 percent of the people in 1974, 
compared with 54 percent in 1972; 31 
percent in both years saw the impact as 
about evenly divided between good and 
harm. 


Among people who believe science and 
technology do more good than harm, the 
largest group (59 percent in 1974 and 54 
percent in 1972) cited improvements in 
medicine and medical research as the leading 
benefit; among those having the view that 
science and technology do more harm than 
good, “lack of concern for the environment” 
was the most frequently mentioned example 
(25 percent in 1974 and 27 percent in 1972). 


Science and technology were thought to 
have caused some of our problems by 
approximately half of the respondents in 
both 1972 and 1974; a smaller group 
(approximately 37 percent) believed that few 


or none of our problems were so caused, 
while a still smaller group (less than 8 
percent) thought that science and 
technology were responsible for most of the 
problems. 


The pace of change produced by science and 
technology was viewed as “about right” by 
some 50 percent of the public in both 1972 
and 1974, as too fast by about 20 percent of 
the people, and as too slow by a slightly 
smaller percentage. 


The public expects science and technology to 
solve, eventually, many of our major 
problems, although the fraction expecting 
most problems to be so solved declined from 
30 percent in 1972 to 23 percent in 1974. 


Areas in which the public felt they would 
most like to have taxes spent for science and 
technology were health care, crime reduc- 
tion, education, prevention of drug addic- 
tion, and pollution control; areas in which 
they would least like to have taxes spent for 
science and technology were “space explora- 
tion” and “developing and improving 
weapons for national defense.” 


Demographic analysis of selected questions 
in the survey suggests that the most positive 
attitudes toward science and technology 
were held by men, persons between 30-59 
years of age, those with some college 
education, and by people whose family 
income was $10,000 or more. 


Public attitudes affect science and technology 
in many ways. Public opinion sets the general 
environment and climate for scientific research 
and technological development. It is influential 
in determining the broad directions of research 
and innovation, and through the political 
process, the allocation of resources for these 
activities. In addition, public attitudes toward 
scientists and engineers and their efforts affect 
the career choices of the young by influencing 
their decision to enter these fields. 


The survey of public attitudes toward science 
and technology summarized in Science Indicators— 
1972 was repeated for this report.! The 1974 
replication of the earlier survey serves both as a 
check on the findings of the previous survey and 
as the beginning of a time series of data for 
tracking trends in attitudes and opinions. 


A personal interview survey was conducted in 
July and August 1974 among 2,074 persons 18 
years of age and older. The sampling techniques 
used in the survey permit the results to be pro- 
jected to the entire U.S. population. 


The survey was designed to explore three 
aspects of public attitudes and opinions: the 
public’s regard for science and technology; the 
public’s sense of the impact of those activities; 
and the public’s expectations and desires regard- 
ing the role of science and technology in dealing 
with national problems. Results are reported 
first for the total sample of respondents, and 
then for demographic groups. 


TOTAL GROUP RESPONSES 


Public regard for 
science and technology 


Three aspects of attitudes were explored 
under this heading: how the public feels science 
and technology have affected the quality of life; 
the general emotional reaction associated with 
science and technology; and where scientists and 
engineers rank in prestige among. nine 
professions and occupations. 


1 Both surveys were conducted by the Opinion Research 
Corporation, Princeton, N.J. For more complete information 
concerning the survey results and methodology, including a 
description of the reliability of the results and the differences 
required for statistical significance, see: Attitudes of the U.S. 
Public Toward Science and Technology, Study II, Opinion Research 
Corporation, 1974 (A study commissioned specifically for 
this report). 


In 1974, 75 percent of the public felt that 
science and technology have changed life for the 
better, compared with 70 percent in 1972. This 
gain is concurrent with a decline in the “worse” 
and the “no opinion” responses. 


Do You Feel That Science and Technology Have 
Changed Life for the Better or for the Worse? 


Percent 
Response 1972 1974 
Better’ cycnrccce dere eicicmlonctone ees 70 75 
WOESE: akecavctercce cuore torsyars clayoroponerare oranerets 8 5 
Bothy fasisiooes to veinoye sleasersrenisiariomes 11 11 
Noveffects 2. ei ictsctcisronrseterne cater 2 3 
NG, OpimiOnie a ere (ere chereieie ofevevetsiteisyere oo 9 6 


The reaction of “satisfaction or hope” to 
science and technology was expressed by 56 
percent of the people in 1974, versus 49 percent 
in 1972. In both years, a reaction of “excitement 
or wonder” was shared by 22 to 23 percent of the 
public. Fewer respondents expressed “No opin- 
ion” in 1974 than in 1972. 


Which One of These Items Best Describes Your 
General Reaction to Science and Technology? 


Percent 
Response 1972 1974 

Satisfaction orshope: .ss0.snce0sss 00 49 56 
Excitement or wonder ............. 23 22 
Rearorralarm es st-l\.ivsmrsehcterie-stetelets eye 6 
Indifference or lack 

OPinterest® Aetanstesrsatosiesist acrekante 6 7 
INGHOPIMION erates ersraretevorete steyarsi erelsisyarereis 16 11 


For a further indication of the regard for 
science and technology, people were asked to 
rate each of nine professions and occupations in 
terms of the “prestige or general standing that 
each job has.” The rating categories used were 
“excellent,” “good,” “average,” “below average,” 
and “poor.” These categories were assigned 
weights, and the resulting rankings are shown 
below, not only for the 1972 and 1974 surveys 
but also for comparable studies in 1947 and 1963. 


Rankings of Occupations 


1947" 1963" 1972 1974 


Physician “i sieceee siete 1 1 1 1 
Scientist scaceisssresetie eer 2; 2 2D, 2 
Engineer crriciesicicieeisiees 7 6 3.5 =e 
Ministers cjtetaciavseroasrciers 4 5 3.5 4 
Architect: (iis vies cette" } 4 6.5 5 
Paw yer "Sicieclercceie lee versie S25 3 5 6 
Banker: eserts ee are micisterers 3 7 6.5 7 
ACCountanty wrctetete: ssa1eve ¥ 9 8 8 8 
BUSINESSMAN wice'«creisrereis 8 9 9 9 


a 
R. W. Hodge, et al., “Occupational Prestige in the United States, 1925-63,” 
American Journal of Sociology, Vol. 70 (1964), pp. 286-302 


In both 1972 and 1974, scientists held their 
relative ranking among occupations, second only 
to physicians, with engineers third. Against 
1963 ratings, all occupations remained lower in 
both 1972 and 1974. 


Impact of science and technology 


This part of the survey explored several facets 
of the impact of science and technology as 
perceived by the public, including whether the 
overall impact is more positive than negative; 
identification of the science and technology 
activities which the public regards as good or 
harmful; the extent to which it feels science and 
technology cause problems; and whether the 
pace of change induced by science and 
technology is desirable. Following these 
questions, the public was asked to assess the 
adequacy of control that is exercised over science 
and technology. 


Slightly more than half of those interviewed 
believed that science and technology do more 
good than harm. About one-third saw the extent 
of good and harm as being nearly the same, and 
only a negligible percentage said “more harm.” 
Changes from 1972 to 1974 were slight. 


Overall, Would You Say That Science and Technology 
Do More Good Than Harm, More Harm Than Good, or 
About The Same Each? 


Percent 
Response 1972 1974 
Mone: good) spice ns cicieiesc cieissis-nisrarearyeiis 54 57 
Aboutithe:same s/c occ.cceveses! orereverster= 31 31 
Moreihiarimys ecrocietenaveerare 0 svsiocchoisterts 4 2 
No fopimioniiercccs ois ctes-orvsseisasiersl ctor 11 10 


Those responding “more good than harm” or 
“about the same” were asked, without prompt- 
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ing, to mention some “good thing” they thought 
science and technology had done, and the 
responses were then categorized. The results 
summarized below show that “medical ad- 
vances” was by far the most frequently men- 
tioned benefit, followed by “new and improved 
products” and “space research”. 


Benefits from Science and Technology 
(Cited by group responding “More good than harm”) 


Percent 
citing“ 
Response 1972 1974 
Medicalltiadvances civisvereieeisisteis\ steel 54 59 
New and improved products ........ 10 11 
Gpace researchis os as siere-1e(orniaretct) trai f= 12 9 
Environment and 
Matturall TESOURCES! (eis:.21oyeiereicie/ereielerss 6 4 
Living and working 
CONGIGIONS sara ayatayac/scotersicrere serwveteselels 5 3 
Food and agriculture .............-- 4 2 
EM@n gy) tierasesesoistotafoyararev= aie oie! sfolaislojesssarar= 1 7) 
Others pstetsocseee s eiselesrers oes: 4 6 
Don tiknow/ canisters < Seisterstleserets sac 4 4 


Benefits from Science and Technology 
(Cited by group responding “About the same”) 


Percent 
citing 
Response 1972 1974 
Medicalliadvancesy. «.<.:.s11 ojos nies 50 48 
New and improved products .......- 8 15 
Space research ......6.-eeeeeeeeees 9 9 
Living and working conditions ...... 5 6 
Environment and 
Mattiral TeSOUTCES! © wie: cieieicrsyo1s eee 6 5 
Food and'agriculture ..........00++- 3 2 
EMereye cisxeretesaretotevorain Ae olesassvoteyta(ayekerer= (b) 2 
@UEMER ei recaciesig cistesctercto orescteteneNacetetene 3 6 
Donitsknowy se -cmere oo nsiscertacocesiec LT, 19 


a 
p Multiple responses were accepted. 
Less than 0.5 percent 


The group which believed that science and 
technology do about equal amounts of good and 
harm was asked, without prompting, to mention 
“one of the harmful things.” These results, 
summarized below, show that “lack of concern 
for the environment” was most frequently 
mentioned as harmful, followed by “develop- 
ment of military weapons,” “space research,” 
and “dangerous drugs and medicines.” Almost 
one-third of this group failed to offer an example 
of a harmful result from science and technology, 
whereas less than 20 percent of the same group 
failed to provide an example of a “good” result. 
(See the table just above). 


Harmful Effects of Science and Technology 
(Cited by group responding “About the same”) 


Percent 
citing 4 
Response 1972 1974 
Lack of concern for 
thevenvirOnmMeNt, werecreaciscsi-1s ee el. 27 25 
Development of military 
WEAPONS! 6 oicieisis ois ce sinieie ne sielanisie.s 9 11 
Spacemeseanchimerteecteteiees stele acres 16 9 
Dangerous drugs and 
MECICINES Beret rete wisiaseroctlatsseveiaeretne 3 9 
Depletion of natural 
MESOUNGCES Ma crefotevey <leseisseverelesisteichotecielas 2 2 
Others yarscrcle rec esis mess ara stejevererecoreis 16 19 
Donn OWsacrycciteconeeineecisieincs 27 32 


@ Multiple responses were accepted 


As shown in the following three tables, the 
public’s views remained stable over the 1972-74 
period on questions regarding the relationship of 
science and technology with society. 


Science and technology are thought to cause 
some of today’s problems by about half the 
public, and as the source of few or none of the 
problems by some 40 percent. 


Do You Feel that Science and Technology Have Caused 
Most of our Problems, Some of our Problems, 
Few of our Problems, or None of our Problems? 


Percent 
Response 1972 1974 
Most cic srcrsvarsorore ye iavevare: 2 iter etyorave eieterens 7 6 
Some iietalsrsrststercvetsteveiova are avert etorbaeiaisicters 48 50 
IPE Wikeeis eiciosn tate ctokere alt sless pin wiecoiske intents 27. 29 
INO es sete isl ts sto octets eGioe Wreisiptoloiete ets 9 9 
INOFOPINIOMIps retareazeyors:s eisjahinvte silent 9 6 


A slight majority of the public continued to 
feel that science and technology produce change 
at a pace “about right”. Remaining opinion is 
almost evenly divided between “too fast” and 
“too slowly”. 


Do You Feel That Science and Technology Change 
Things Too Fast, Too Slowly, or Just About Right? 


Percent 
Response 1972 1974 
MOObfaSt Maser. cictieats wlsltle'e soe cies ees 22 20 
Abouteniphitesetaseyspe tc ctaisisiacoaleisters atste 51 53 
Moorslow] ypc rtacrctaycttelers crore 6 sinye sieceis ass 16 18 
INGiop inion Weterepeteievsis)fisieiejastsi<1eraieress;sse1s 11 9 


Almost half of those polled felt that the extent 
of control society should have over science and 


technology should “remain as it is,” and nearly 
30 percent felt that greater control was needed. 


Do You Feel That the Degree of Control that Society 
Has Over Science and Technology Should be Increased, 
Decreased, or Remain As It is Now? 


Percent 
Response 1972 1974 
Should be increased ............... 28 28 
Remair,as uit. 1S) iis ecicino oer eckenee 48 46 
Should be decreased ............... 7 8 
No opinion: ..ncn cerns eeee en 17 18 


Expectations and directions 
for science and technology 


About three-fourths of the public remained 
confident that science and technology will 
eventually solve at least some of the major 
problems, examples of which were named in the 
question. But the expectation that most 
problems would yield to such solution declined, 
falling from 30 percent in 1972 to 23 percent in 
1974. The trend toward a lower level of 
confidence is evident in the larger percentage of 
those who expect science and technology to 
solve only “some” and “few” such problems. 


Do You Feel That Science and Technology Will 
Eventually Solve Most Problems Such as Pollution, 
Disease, Drug Abuse, and Crime, Some of These 
Problems, or Few, if Any of These Problems? 


Percent 
Response 1972 1974 
Most problems: s.i00con «0 bse acters 2 30 23 
Some'problems? 2 n.cier tisceem acess 47 53 
Few problemi! 5. «.s<:sis:<:sicis;sjars}sts: osteo 16 20 
INO: OpIniONest <5. tease cote hyeisie sere 7 4 


Areas in which the public would “most like” to 
see their tax money for science and technology 
spent are “health care,” “reducing crime,” 
“reducing and controlling pollution,” “prevent- 
ing and treating drug addiction,” and “im- 
proving education.”2 Two major shifts in public 
preferences occurred in these areas between 
1972 and 1974: “reducing and controlling 
pollution” declined considerably in the frequen- 
cy of selection, whereas “improving education” 
increased. Among the less highly ranked areas, 


2 Selection was made from a list of 12 areas snown in the 
next tabulation. 
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‘improving the safety of automobiles” fell from 
the choice of 38 percent of the public in 1972 to 
29 percent in 1974. 


Areas in which the public in 1974 indicated 
they would least like their taxes spent for science 
and technology were “space exploration,” and 
“developing or improving weapons for national 
defense.” 


period. An increasingly large percentage of the 
public believed that science and technology had 
changed life for the better; a substantial and 
growing fraction expressed a feeling of satisfac- 
tion and hope with respect to science and 
technology; and scientists and engineers re- 
ceived high rankings among other occupations 
and professions, although the rankings of all 
groups were relatively high. 


In Which of the Areas Listed Would You Most Like (and Least Like) 
to Have Your Taxes Spent for Science and Technology? 


; a 
Percent choosing area 


Response Most like Least like 
1972 1974 1972 1974 

Improvingehealth: care! set1.2 citar sieve as ose oie aie el evereienes tay 65 69 1 1 
Reducing and controlling pollution ................++5- 60 50 3 a 
Reducing: Grimey amiayerncs dais clerssct-i eines seiaiseseeierersnersnaratess 59 58 2 2 
Finding new methods for preventing and treating 

AUS AAGICHLOM os :cccrcresciciecorsis s2s'0i5:3 hs: scezevelers: Sorsreeiss ove/o°e 51 48 4 4 
Improving education sasresciectees:e sie cussyere cinsasalare.sievenstarste’a ate 41 48 4 3 
Improving the safety of automobiles ................-- 38 29 5 8 
Developing faster and safer public transportation for 

travel within and between cities ...........00000000- 23 26 14 ale 
Finding better birth control methods ..............++.. 20 18 18 23 
Discovering new basic knowledge about man 

ANG (Mate! arsrocisrare asvers ciated eetee cer cine ara eae valet ares orelenejer ae 19 21 15 14 
Weather control and prediction ...............0eeeeeee 11 14 19 16 
SpaceyexploratiOr fe elessisyeteyersielsselatatelsls.cts/ste le eierouerstni sioverer esis 11 1. 42 37 
Developing or improving weapons for national defense . 11 11 30 30 
INQSOp ION igatars wictatarorcvavenes Nei siole te cic ave creleienetaychevelsieyeisueiete els 6 3 13 7 


a 
Multiple responses were accepted 


These opinions should be interpreted with 
caution. The relevance of science and technology 
for alleviating or solving the problems involved 
was not considered explicitly. Thus, the 
responses may reflect areas of general concern 
to the public without regard for the possible 
specific role of science and technology in dealing 
with them. Furthermore, the actual words used 
in describing the various areas may have a 
biasing effect; e.g., the word “weapons” in 
“developing or improving weapons for national 
defense” may have a negative connotation which 
accounts in part for the low preference for 
science and technology in this area. 


Summary of the total group responses 


The results of the survey provide reasonably 
clear answers to the three general questions 
addressed to the public. The regard for science 
and technology appears to be relatively high and 
to have grown slightly during the 1972-74 
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The results regarding the impact of science 
and technology are somewhat less positive, and 
differ little in the two surveys. A small majority 
expressed the belief that science and technology 
overall did more good than harm—although 
they were held responsible for at least some of 
our problems—while almost one-third thought 
the impact was about equally divided between 
beneficial and harmful effects. The extent of 
social control over science and technology, 
however, should remain as it is according to 
almost half those surveyed, whereas the need 
for greater control was expressed in nearly 30 
percent of the responses. 


The predominant expectation is for con- 
siderable achievement by science and technology 
in solving major problems, even though the level 
of expectation declined somewhat between 
1972-74. In both years, slightly more than 75 
percent of those surveyed expected science and 
technology to solve some or most of our current 
problems. 


DEMOGRAPHIC RESPONSES 


The responses of demographic groups, 
although similar, were not identical. Examina- 
tion of these differences is limited in this report 
to two of the questions covered in the survey. 
The pattern of responses to these two is similar 
to the attitudes and opinions expressed by the 
demographic groups to the other survey 
questions. 


The response of “no opinion’ is relatively high 
in all groups,? but is especially so among the 
oldest, lower income, and least educated sub- 
groups. Such responses mask differences in 
expressed opinion toward science and 
technology and for this reason, comparisons of 
subgroups in the following two tables are based 
on percentages of those expressing an opinion. 


Differences of sex and age 


Responses of men were somewhat more 
positive than women to science and technology 
in both questions. Men appear to judge past 
contributions of science and technology more 
favorably, and to express more confidence in 
future accomplishments. Both groups, however, 
were less confident in 1974 that science and 
technology would “eventually solve most 
problems.” 


In general, people between 30-59 years of age 
expressed the most favorable attitudes toward 
science and technology, followed by the young 
(18-29 years), and the older group (60 and 
above). All age groups recorded less confidence 
in 1974 in expecting problems to be solved by 
science and technology. (Major differences 
between responses of the youngest group and 
those of the total are noted below for all 
questions in the survey.) 


Differences in 
education and family income 


Attitudes and opinions toward science and 
technology appear to correlate closely with 
education: the greater the amount of formal 
education, the more favorable the response. For 
example, 54 percent of those with less than a 
high school education felt in 1974 that science 
and technology do more good than harm, 
compared with 67 percent of those who had 
completed high school, and 71 percent of those 
with some college education. 


Attitudes and family income appear to cor- 
relate to some extent on both the overall impact 
of science and technology and future con- 
tributions toward solving problems. Some 70 


Overall, Would You Say That Science and Technology Do More Good Than Harm, 
More Harm Than Good, or About the Same of Each? 


“More good” 
1972 1974 
INV Sete eon oconodnu na pOpOe 61 63 
IW GOtestpeonepemuoosacsondues 64 67 
Wom ent stac secrceyercusieietsslecrior 59 59 
18-29 yrs. ....- ee eee rece ences 55: 59 
BOER) eaGooOCOORDONONU OdO.3b 69 71 
BA O=4.9) ny. oxo /oxoys, 00. sinsaparassvoleafese) alos 66 64 
BO =59 | veraveisieueisiesa a wrevalesesocesetalevenexe 60 67 
COME crepetsse ere sreqersioxialevelelenersseiets 57 55. 
Less than high school .......- il 54 
Bighischooll \s ).:<i. teste civeievesere 63 67 
Some colleges ..:)steises+ye1suieeie= 74 71 
Family income: 
Wider $5:000% sreprreeltinci-tere 44 56 
$510002965999) .shwsecvererersnss 47 53 
G7 000991999 aie srekernsontats stsze 54 59 
$10,000-$14,999 ........-- 61 71 
$15,000.0r Over <<... 20-6 see 71 69 


3 A high frequency of “no opinion” responses occurs 
typically in surveys concerned with science and technology, 
as discussed in Amitai Etzioni and Clyde Nunn, “The Public 
Appreciation of Science in Contemporary America,” 
Daedalus, Vol. 103 (1974), pp. 191-206. 


Percentage of group expressing 


“About same” “More harm” “No opinion” 
1972 1974 1972 1974 1972 1974 


35 35 4 2 11 10 
32 31 4 2 8 8 
38 ee) 3 2 13 12 
39 38 5 3 8 4 
29 28 2 1 7 10 
29 33 bs} 3 7 8 
35 31 4 2 9 8 
39. 41 4 4 19 20 
43 43 6 3 18 19 
35 31 2 2 5 4 
22 27. 4 2 5 4 
39 41 7 3 18 21 
40 41 4 6 16 10 
34 39 6 2 10 7 
34 28 2 1 4 5 
MY 30 2 1 3. 6 
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percent of those witha family income of $10,000 
or more in 1974 felt that science and technology 
do more good than harm, compared with an 
average of 58 percent for the groups having a 
lower income. With regard to solving problems 
in the future, groups with higher incomes 
tended to expect solutions from science and 
technology to a greater extent than the lower 
income groups. All groups generally expressed 
more satisfaction with science and technology in 
1974 than in 1972, but felt less confident in their 
ability to solve major problems in the future. 


in prestige than did the total sample. On the 
other hand, a somewhat larger percentage of the 
young in both surveys felt that science and 
technology have caused some of our problems-—- 
56 percent versus 50 percent of the total sample 
in 1974. 


There are other differences, however, 
between the young and the total sample, but 
these do not bear so directly on matters or 
attitudes as on differences in concern and 
priority. The young in both surveys expressed 


For The Most Part, Do You Feel That Science and Technology Will Eventually 
Solve Most Problems Such as Pollution, Disease, Drug Abuse, and Crime, 
Some of These Problems, or Few if Any of These Problems? 


“Most 
1972 1974 

AU cose cc zsccavsteshogé-syararesa’orcssrornVore 7) 24 
Miericcatssicvscrors etsytcesecarstsrettisrexsreis 36 26 
WOMEN ocr iecten tccicle nsieiceeers 29 23 
UB=2D YTS. iaiave's eierein aiess'e sivivis ee 28 24 
BOR=39) Gia cere lejeletctarere o's atessioneyateiele 33 Z5 
A= AO ieusievose2aataiesszeieis stensiciolece/ate 31 25 
SOAS OM srisissscleciclexe oie ciseieletetebavere SF 27 
(Obie yO OEIC HOON OO GOTO UGODIG a 22, 
Less than high school ........ 33 21 
lig he Schools cvtescieye.clasersi-cctsisis 29 25 
Some*college¥ 4.5 fics cece oer 35 28 
Family income: 

Winder. $5;000! Kectec .steccsse's.re 35 22 

$51000=$65999) . vecreccie. tin ciate 23 24 

$7,000-$9,999 ....0ceeeeees 33 24 

$10,000-$14,999 .......... 33 25 

$15,000 Of OVEr uc sciesse ss 33 26 


Attitudes of the young 


The belief that young people of the Nation 
have negative attitudes toward science and 
technology gained considerable credence begin- 
ning in the late 1960’s. To examine the current 
validity of this belief, responses of the young 
(18-29 years of age) to all questions of the survey 
were compared with responses of the total 
sample. 


For the most part, attitudes of the young were 
closely similar to those of the total sample. Major 
differences from the sample as a whole were 
found in only two areas, one of which suggests a 
more positive attitude toward science and 
technology on the part of the young, whereas 
the other indicates a more negative assessment. 
In the first case, the young group (in both 1972 
and 1974) rated “scientists” significantly higher 
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Percentage of group expressing 


“Some” “Few” “No opinion” 
1972 1974 1972 1974 1972 1974 
51 55 17 Dil 7, 4 
47 54 17 20 5 2 
54 59 18 20 9 5 
55) 56 7: 20 5 2 
54 59 13 16 3 3 
ick) 56 16 19 4 3 
43 53 20 20 we 2 
46 53 21 25 13 9 
47 54 20 25 12 8 
55 56 16 19 4 2 
tof 58 14 14 3 1 
47 51 18 27 14 8 
57 52 20 24 6 5 
49 58 18 18 6 2 
52 56 1S 19 2} *} 
Dill 59 16 15 al 1 


consistently more concern for the environment. 
The reduction and control of pollution was 
specified by 60 percent of the young group in 
1974 as an area where they would most like to 
see their tax dollars spent, compared with 50 
percent for the sample as a whole. “Lack of 
concern for the environment” was listed in 1974 
as one of the “harmful” effects of science and 
technology by 31 percent of the young versus 25 
percent of the total sample. 


The young differed from the total sample in 
1974 in their choice of areas for efforts in science 
and technology. “Improvement of education” 
was selected by 58 percent of the young 
compared with 48 percent of the total sample; 
“discovering new basic knowledge” was chosen 
by 29 percent versus 21 percent; and “finding 
better birth control methods” was selected by 25 
percent versus 18 percent. In listing “least liked” 


areas for expenditures, 45 percent of the young 
group cited “developing and improving weapons 
for national defense,” as against 30 percent of 
the total group. Similarly, “weather control and 
prediction” was cited as “least liked” by 24 
percent of the group versus 16 percent of the 
total sample. 


OTHER SURVEYS 


Surveys on public attitudes toward science 
and technology were recently reviewed by 
Etzioni and Nunn.‘ Results from the survey 
conducted for this report appear to be consistent 
with earlier studies, to the extent that direct 
comparisons can be made. 


The results of the present survey (1972 and 
1974) with respect to the public’s general regard 
for science may be placed in a broader context by 
reference to comparable surveys: a Harris poll in 
1972 and one by the National Opinion Research 
Center (NORC) in 1973 and a replication in 
1974. These surveys explored levels of public 
confidence in “the people who are running” 11 
institutions.5 In the Harris Poll, science as an 
institution ranked second among the 11 in terms 
of the percentage of the public indicating “a great 


4 Ibid. 

5 The institutions for which data were available over the 
three years included medicine, science, education, the 
military, Supreme Court, Federal executive branch, Con- 
gress, major U.S. companies, the press, television, and labor. 


deal of confidence.” In 1973, the NORC survey® 
also showed science ranking second, with 
education, in public confidence. The percentage 
expressing a great deal of confidence in science 
rose from 37 to 45 in 1974, but because of an 
even larger gain for education, from 37 to 49, the 
rank of science dropped to third among the 11 
institutions in 1974. 


A more recent survey by LaPorte and Metlay’ 
found a “reasonably high degree of cor- 
respondence” in responses to several items 
which were included in the survey reported in 
Science Indicators—1972. Similar attitudes, for 
example, were found in both surveys regarding 
the confidence and prestige associated with 
scientists and engineers, the desired extent of 
social control of science and technology, and 
ratings of benefits in different areas, such as 
health and space exploration. The LaPorte and 
Metlay survey, in addition, found that attitudes 
toward science differ from those toward 
technology; “there was considerable agreement 
that scientific activities are intrinsically 
beneficial and should not be controlled”, 
whereas “the public reaction to the impact of 
technology upon society is one of wariness and 
some skepticism”. 


© Codebook of the General Social Survey, National Opinion 
Research Center, 1973 and 1974. 

7 Todd LaPorte and Daniel Metlay, “Technology Ob- 
served: Attitudes of a Wary Public,” Science, Vol. 188 (1975), 
pp. 121-127. 
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Table 1-2. Scientists and engineers’ engaged in R&D, by country, 1963-73 


Country 


United States 

WIS SIRS cc 
Japaniversetes.. 
West Germany 
FIEINGS casooe 


US'S iRimeecur 
Japanin cscs: 
West Germany 
France) fienc. 


WESSHEG Saou 
WADAME cies. se) 
West Germany 
EranGe) csc 


1 Includes all scientists and engineers (full-time equivalent basis). Data for the United Kingdom are not available. 


1963 


NA 
18.8 
12.0 

NA 

6.7 


NA 
422.8 
114.8 

NA 

32.2 


189,242 
225,060 
95,900 
57,610 
47,820 


1964 


24.7 
20.3 
NA 
BS 
NA 


191,889 
228,150 
96,900 
58,290 
48,310 


1965 


25.4 
21.6 
NA 
NA 
NA 


494.1 
499.4 


NA 
NA 
NA 


194,303 
230,940 
97,950 
59,040 
48,760 


1966 


NA 
25.2 
NA 
NA 
NA 


1967 1968 1969 1970 
NA 27.4 27.5 26.8 
25.8 27.3 29.1 30.7 
15.8 NA 16.9 NA 
10.3 NA 12.5 NA 
9.9 NA 10.9 NA 


Scientists and 


196,560 
233,530 
98,850 
59,680 
49,160 


NA 


605.6 
157.6 


61.6 
49.2 


198,712 
235,990 
99,870 
59,870 
49,550 


Population (in thousands) 


550.4 558.2 549.5 
651.5 698.9 746.2 
NA 172.0 NA 

NA 76.3 NA 

NA 54.7 NA 
200,706 202,677 204,875 
238,320 240,550 242,760 
101,000 102,200 103,390 
60,170 60,840 60,650 
49,910 50,320 50,770 


Scientists and engineers' engaged in R&D per 10,000 population 


1971 1972 
25.6 25.0 
32.6 34.3 
18.9 NA 
14.9 16.2 
11.1 NA 


529.7 521.5 
797.8 848.8 
198.1 NA 
90.0 100.0 
56.7 NA 


207,045 208,842 
245,090 247,460 
104,650 105,990 


61,290 61,690 
51,250 51,700 


210,396 
250,000 
108,710 
61,970 
51,915 


SOURCE: Organisation for Economic Co-operation and Development, /nternational Survey of Resources Devoted to R&D by OECD Member Countries, for 
1963, 1964, 1967, 1969, and 1971; United Nations, Demographic Yearbook, 1972 and UN estimates for 1973; U.S.S.R. estimates by Robert W. Campbell, 
Department of Economics, Indiana University. 


HSS 


Table 1-3. Distribution of government R&D expenditures among 
areas by country, 1961-73 


National objectives 


National currency in millions 


Percent distribution 


United States 1961-62 1966-67 1971-72 1961-62 1966-67 1971-72 
National defense ............... 7,338.5 8,264.8 8,584.7 70.7 49.0 52.6 
SPaCe ete riaen soo .cowesa seme meee 1,225.9 5,307.0 2,957.6 11.8 31.5 18.1 
Nuclear energy ................ 755.0 875.0 838.0 7.3 5.2 5.1 
Economic development ........ 339.1 792.3 1,322.1 3.3 47 8.1 
(nis in) Gea aeeeenan coos oonaenns 500.6 968.8 1,379.8 4.8 OM; 8.5 
Community services ........... 99.9 321.1 729.2 1.0 1.9 45 
Advancement of science ....... 118.2 308.6 465.4 11 1.8 2.9 
United Kingdom 1961-62 1966-67 1972-73 1961-62 1966-67 1972-73 
National defense ............... 248.6 260.4 335.0 64.8 52.3 44.0 
S PaCC? rhc erateperotee ais eiaetinresrelsiaee Pah 21.4 11.9 0.7 4.3 1.6 
Nuclear energy ................ 56.5 65.2 67.3 14.7 13.1 8.8 
Economic development ........ 37.9 71.0 177.6 9.9 14.3 23:3 
Healthiiccciccn.ceeas wae oteveees 5.7 13.0 32.8 1.5 2.6 4.3 
Community services ........... 0.7 1.3 4.5 0.2 0.3 0.6 
Advancement of science ....... 26.0 57.8 119.9 6.8 11.6 15.8 
France 1961 1967 1972 1961 1967 1972 
National defense ............... 1,310.0 3,082.0 3,050.0 44.2 34.9 27.8 
SPaC@ ss aieak Discs cmesineiacneer 16.5 522.8 730.0 0.6 5.9 6.7 
Nuclear energy ..............-- 735.0 1,723.2 1,600.0 24.8 19.5 14.6 
Economic development ........ 231.6 1,381.0 2,200.0 7.8 15.6 20.1 
HealthsrnssGaccas saarosee ss neieucls 13.0 116.1 200.0 0.4 ies} 1.8 
Community services ........... 12.7 81.0 170.0 0.4 0.9 1.6 
Advancement of science ....... 592.3 1,758.1 2,800.0 20.0 19.9 25.5 
West Germany 1961 1966 1971 1961 1966 1971 
National defense ............... 381.0 803.0 1,180.0 22.3 19.0 15.0 
SPaCes Weenenca acca Oa neers NA 177.0 522.0 NA 4.2 6.6 
Nuclear energy ...............- 267.0 693.0 1,230.0 15.6 16.4 15.6 
Economic development ........ NA NA 1,057.0 NA NA 13.4 
Healthaaacivncseeviirssa reson: NA NA 195.0 NA NA 2.5 
Community services ........... NA NA 133.0 NA NA tez/ 
Advancement of science ....... 639.0 1,488.0 3,190.0 37.4 35:3 40.6 
Japan 1961-62 1965-66 1969-70 1961-62 1965-66 1969-70 
National defense ............... 3,162.0 4,495.0 6,523.0 Sf, 2.7 2.2 
SPaC@h sincae ahace ee ce seh ees NA 141.0 2,083.0 NA 0.1 0.7 
Nuclear energy: ci. cccss <0 ese. 5,881.0 4,944.0 22,539.0 7.0 3.0 15 
Economic development ........ 25,446.0 44,898.0 69,987.0 30.1 tee 23.2 
Health: ciacsesr crrctrctevacisec aston s 724.0 3,679.0 5,492.0 0.9 2.2 1.8 
Community services ........... 1,071.0 2,818.0 7,254.0 1.3 7, 2.4 
Advancement of science ....... 47,321.0 103,163.0 185,376.0 55.9 62.5 61.4 


SOURCE: Organisation for Economic Co-operation and Development, Changing Priorities for Government R&D, July, 1973. 
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Table 1-4. Percent of the scientific literature’ citing countries 
other than the author's own country, by selected fields,? 1973 


i 


Citations 

Total to countries 

Fields citations from other than 

the 6 major the author's 
countries country 

Cingimniiny: éonadagscosaunnoaopeaecoacoouc 338,993 233,176 
AVS ICS Wetetcrescterarcigysiaisietsys sisi cv sisiatarieterastoneiene 270,090 170,985 

Biology and 

biomedical research ................... 440,215 246,471 
Einclineaine) SaneanuccanoupcodonopeccOs.c 80,654 43,523 
GlimiGAalMEGICING) wares. ce: 2s ale le rie eter 604,858 320,158 
MEWISIEWCS: San scaomeduesssoannancaagosc 25,759 13;355 
Earnthiecspace SCienGes' . ... 3.0%: secre 73,248 35,384 
POVENOCM scdoodscoospoonuonoroooona ne 42,298 11,934 
Bightsticlditotallyr cece ener 1,876,115 1,074,986 


Citations to 
the author’s 
country 


105,817 
99,105 


193,744 
37,131 
284,700 
12,404 
37,864 
30,364 


801,129 


Percent 
foreign 
citations 


69 
63 


56 
54 
53 
52 
48 
28 


57 


1 Based on 2,121 of the journals in the Science Citation Index for 1973. Included is the literature of the first six countries ranked by the number of their 
scientific publications: United States, United Kingdom, West Germany, France, U.S.S.R. and Japan. 
? See Appendix table 1-7a for the description of fields and subfields. The social sciences are excluded because comparable data are not available. 


SOURCE: Computer Horizons, Inc., Indicators of the Quantity and Quality of the Scientific Literature, 1975 (A study commissioned specifically for this 


report). 


Table 1-5. Participation in 


international scientific congresses, 
by the United States and other countries, 


1960-74 
Total US. Non-U.S. 
Year participants participants participants 
1960-62 2c. 33,082 9,033 24,049 
IRE: looonconc 37,964 10,012 27,952 
1966-68 ........ 59,748 12,297 47,451 
WOG69=74) Sixes sees 55,711 12,956 42,755 
WOT 2=74 eee 73,819 18,630 55,189 


SOURCE: National Academy of Sciences, special tabulations. 
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Table 1-6. Scientific literature’ in selected fields? as a percent of 


total literature, by country, 1965-73 


Percent of total 


Total 
Selected field and year literature United United West Other 
(number) States Kingdom Germany? France U.S.S.R. Japan countries 
Chemistry 
WSS: ekones oroondceeese 34,657 25.9 7.7 8.2 3.9 30.9 4.1 19.3 
1S, oekboctp ome eee 39,730 24.5 7.9 8.4 5.9 28.8 5.3 19.2 
MOCO ero sine seis ices) See's 43,362 24.2 8.2 7.9 5.7 28.5 6.4 19.2 
IQA) Sesibeeoendnmsocteos 45,052 23.9 8.4 6.8 6.2 29.0 5.9 19.8 
WOO ices ie hs ers eres sake nies 45,665 22.4 7.0 5.4 6.0 30.1 6.0 23.2 
Qe srisics ac weiss aette weeye ete 45,778 21.2 6.4 5.4 5.8 32.4 6.3 22.6 
Engineering 
iRckeiGenerocoonesasnoacds 10,006 49.9 11.2 47 1.4 12.6 2.4 17.8 
Icy @zanerccgennborncsnes 11,968 48.8 11.3 5.6 1.8 12.5 2.8 ee 
IIMS) Nepeaa sogooneaseanos 13,222 48.3 11.0 6.2 1.8 12.5 2.9 17.4 
ICY Ale oaccsoan conc cnecner 13,765 49.7 9.0 6.1 22 11.8 3.9 17.3 
IRAHe See sanenossodosonr 11,992 44.6 9.7 6.4 2.4 11.4 3.9 Palal/ 
US Ac ear ciocc see comotee 12,690 43.7 10.9 7.0 2.5 9.4 45 21.9 
Mathematics 
Ite wcascoseneessancece 42,971 23.9 6.6 6.3 5.6 22.4 4.2 31.8 
IRGYA codstadooouedodooae 4,298 23.9 46 6.4 45 26.4 47 29.8 
IRG)s codensosaosmeanoone 3,024 26.9 6.4 6.0 6.9 20.0 5.2 27.1 
IL eadnencusnpmcecaaie. 3,739 27.8 3.9 6.5 6.0 22.2 7.0 26.7 
NOR2 ao teecs eicinayeermarmn 3,599 29.3 3.9 6.8 5.6 28.6 5.0 20.8 
INTER age scooceccepecsn 4,844 23.6 4.4 7.0 5:5 30.3 4.2 25.1 
Molecular biology 
IGE Sos coamaeEastesaae 24,321 46.6 9.5 48 9.4 3.0 4.2 22.4 
WOG Mo sescrcinistrns anemee = 25,858 48.6 11.0 5.4 7.4 2.1 48 20.7 
I cee egos seesdanesGonser 29,359 47.6 9.3 5.5 9.0 1.8 49 21.8 
OAK soomadenounsseouuads 30,148 48.7 8.9 5.1 8.9 1.8 5.0 21.6 
UL eBS Sa coteanecaomnrr 31,032 45.9 9.7 4.4 9.6 1.8 5.4 23.3 
IL} eenagonsoannuodoeeder 33,619 46.7 9.4 4.3 8.0 1.9 5.9 23.9 
Physics 
IS Coss cnaoossaecouesas 23,224 41.3 8.2 7.4 4.8 15.7 44 18.2 
NOG eee coi yccsiee ce cet 27,121 42.1 8.6 7.5 5.3 13.8 5.2 17.5 
LOGO aerersisoitiistereiewveie Sie Ss 29,353 41.0 8.3 7.2 5.4 14.6 Sul 18.4 
NOTA ie or rsr tov cuciesckevate: ctsievore 29,824 42.4 8.1 5.8 Sul 13.8 6.0 18.7 
WCE nes soaecacensone 31,031 38.5 Tell 5.2 6.1 15.1 5.6 21.7 
IL spopnapodeetecosaens 31,548 38.4 7.2 5.7 5.7 14.4 6.5 22.0 
Psychology 
I Se eneSe epgeremandoon 3,537 79.3 8.1 0.5 0.2 _ 0.5 11.4 
NOG Tm wei cciciciceinss scree ise 3,967 79.2 6.4 0.5 0.2 — 0.6 13.2 
MOCO ek eras wii tonres 4,308 76.6 7.8 1.6 0.1 0.1 0.4 13.5 
ICG paacancscncmaesare 4,075 76.5 7.9 0.8 0.2 _— 0.5 14.1 
IRIE eodonbaped comaeoars 4,091 74.4 8.5 0.7 0.2 0.2 0.9 14.9 
nc Goéacadoosawon tonne 4,443 74.4 8.1 0.6 0.6 _— 0.8 15.5 
Systematic biology 
IkEiieitansdoadannocoonas 46,201 35.8 6.1 41 4.4 8.3 3.5 37.8 
ese Mead cermaeetenn sone 6,101 29.4 6.0 49 4.8 9.0 5.0 41.0 
INV liesanenntcooesecia cone 7,050 33.3 7.2 5.3 §.2 6.4 4.3 38.2 
UCT /Haroosancnetanancccdcc 5,192 31.2 6.5 4.4 5.5 2.5 5.0 44.9 
IST" GosancodormeceoGcude 3,342 30.8 6.5 5a 5.3 10.4 4.6 37.4 


' Includes articles, letters and notes from the sample of 492 scientific journals most heavily cited in 1965. 


? The social sciences are excluded because comparable data are not available. 
* Prior to 1972, data for East Germany were included in the fields of chemistry, engineering, molecular biology, physics, and psychology. 
* For mathematics and systematic biology, these numbers are the size of the literature sample from which the percent distributions were derived, and should 


not be used as counts of articles 


NOTE: Percents may not add to 100 because of rounding. 


SOURCE: Computer Horizons, Inc., Indicators of the Quantity and Quality of the Scientific Literature, 1975 (A study commissioned specifically for this 


report). 


Table 1-7. Percent distribution of scientific literature’ 
by selected field,? for each country, 1973 


United United West Other World 
Fields States Kingdom Germany France U.S.S.R. Japan countries total 
Percent in each field 

AERIS IAS yetrc cre varstarese sess. avareisiets 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Clinical medicine ......... 29.9 31.1 31.9 28.7 9.9 18.5 28.5 27.3 
Biology and biomedical 

GESCANGIV eeteressyeistose setae Sieks 24.9 23.8 20.1 25.0 12.4 20.4 25.1 23.2 

GhemisttWasien accesses oases 9.8 13.9 16.9 20.0 33.1 29.6 18.7 16.5 

BRYSIGS Mixes teischcrsctoroeaninee 10.8 11.1 11.9 12.8 25.5 16.4 ier 12.8 

Earth and space 

SCIENCES basse serine 5.1 3.8 2.3 3.8 47 1.7 3.9 4.2 

Engineering) = ssc cc.0 <0 10.8 12.0 13.2 5.3 13.4 10.8 7.8 10.2 

BsSy chology ences cite icisysicte 5.1 1.8 0.4 0.5 0.1 0.3 Us) 2.6 

Mathematicsmn-ciassne ce 3.8 2.5 3.5 4.0 0.9 2.4 2.9 3.1 


Total number of publications 


Total count of 


literatuinekeererrcctrecctyerrite: 109,320 25,462 16,461 15,184 24,435 14,309 73,723 278,894 
Percent 
GIStHIDUTION: weer ener ci 39.2 9.1 5.9 5.4 8.8 Sal 26.4 100.0 


1 Includes 278,894 articles, letters and notes from a sample of 2,121 scientific journals. Because of the way in which this sample of journals was chosen, 
these profiles may understate certain fields; e.g., Russian mathematics articles may be understated here. 

2 See Appendix table 1-7a for the description of fields and subfields. The social sciences are excluded because comparable data are not available. 

NOTE: Percents may not add to 100 because of rounding. 


SOURCE: Computer Horizons, Inc., Indicators of the Quantity and Quality of the Scientific Literature, 1975 (A study commissioned specifically for this 
report). 
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Table 1-7a. Fields and subfields of scientific literature, 1973 


Clinical medicine 
General and internal medicine 
Allergy 
Anesthesiology 
Cancer 
Cardiovascular system 
Dentistry 
Dermatology & venereal diseases 
Endocrinology 
Fertility 
Gastroenterology 
Geriatrics 
Hematology 
Immunology 
Obstetrics & gynecology 
Neurology & neurosurgery 
Ophthalmology 
Orthopedics 
Arthritis & rheumatism 
Otorhinolaryngology 
Pathology 
Pediatrics 
Pharmacology 
Pharmacy 
Psychiatry 
Radiology & nuclear medicine 
Respiratory system 
Surgery 
Tropical medicine 
Urology 
Nephrology 
Veterinary medicine 
Addictive diseases 
Hygiene & public health 
Miscellaneous clinical medicine 
Biology and biomedical research 
Biomedical research 
Physiology 
Anatomy & morphology 
Embryology 
Genetics & heredity 
Nutrition & dietetics 
Biochemistry & molecular biology 
Biophysics 
Cell biology cytology & histology 
Microbiology 
Virology 
Parasitology 
Biomedical engineering 
Microscopy 
Miscellaneous biomedical research 
General biomedical research 
Biology 
General biology 
General zoology 
Entomology 
Miscellaneous zoology 
Marine biology & hydrobiology 
Botany 
Ecology 
Agriculture & food science 
Dairy & animal science 
Miscellaneous biology 


Chemistry 
Analytical chemistry 
Organic chemistry 
Inorganic & nuclear chemistry 
Applied chemistry 
General chemistry 
Polymers 
Physical chemistry 
Physics 
Chemical physics 
Solid state physics 
Fluids & plasmas 
Applied physics 
Acoustics 
Optics 
General physics 
Nuclear & particle physics 
Miscellaneous physics 
Earth and space science 
Astronomy & astrophysics 
Meteorology and atmospheric science 
Geology 
Earth & planetary science 
Geography 
Oceanography & limnology 
Engineering and technology 
Chemical engineering 
Mechanical engineering 
Civil engineering 
Electrical engineering & electronics 
Miscellaneous engineering & technology 
Industrial engineering 
General engineering 
Metals & metallurgy 
Materials science 
Nuclear technology 
Aerospace technology 
Computers 
Library & information science 


Operations research & management science 


Psychology 
Clinical psychology 
Personality & social psychology 
Developmental & child psychology 
Experimental psychology 
General psychology 
Miscellaneous psychology 
Behavioral science 
Mathematics 
Algebra 
Analysis & functional analysis 
Geometry 
Logic 
Number theory 
Probability 
Statistics 
Topology 
Computing theory & practice 
Applied mathematics 
Combinatorics & finite mathematics 
Physical mathematics 
General mathematics 
Miscellaneous mathematics 


Table 1-7b. Citation indices of scientific literature’ 
in selected fields,? by selected countries, 1973 


Cited 
country 


United 
States 


United 
Kingdom 


West 


Germany 


France* 


U.S.S.R. 


Japan 


Citing country 


World 


West Germany ... 


World 


Non-W. Germany .. 


World 


Field of science 


Biology Earth 
and and 

Clinical biomedical space 

medicine research Chemistry Physics science 

we 1.52 1.45 1.97 1.60 1.42 
Pe 1.31 1.29 1.54 1.38 1.31 
Ae 1.15 1.15 1.38 1.26 1.18 
ES 2.26 1.91 2.11 1.37 1.59 
ar 1.26 1.17 1.40 0.93 0.97 
ae 1.13 1.09 1.30 0.87 0.92 
ae 2.31 1.82 3.62 1.54 1.72 
a8 0.55 0.79 1.46 1.03 0.71 
0.41 0.73 1.29 1.00 0.68 

a 2.62 2.10 2.14 1.14 1.56 
EG 0.50 0.64 0.66 0.80 0.57 
3 0.36 0.58 0.56 0.78 0.53 
Bee 9.44 4.78 2.54 2.51 3.14 
ae 0.18 0.29 0.42 0.61 0.35 
0.05 0.14 0.16 0.32 0.21 

a 4.66 3.62 1.48 2.14 3.75 
ae 0.57 0.82 0.69 0.75 0.73 


Engi- Psy- Mathe- 
neering chology matics 
1.49 1.05 1.25 
1.07 1.03 1.17 
0.90 0.97 1.07 
1.75 1.87 1.80 
1.04 0.93 1.08 
0.86 0.86 0.99 
4.03 (°) 1.85 
0.87 (°) 0.91 
0.58 (°) 0.83 
10.37 (°) 2.24 
1.08 (3) 0.77 
0.67 (3) 0.73 
6.18 (°) 13.25 
1.02 (°) 0.53 
0.12 (°) 0.31 
3.58 (°) 3.61 
0.76 (°) 0.65 


1 Based on 278,894 articles, letters and notes in a sample of 2,121 journals 


2 See Appendix table 1-7a for a description of the fields. The social sciences are excluded because comparable data are not available. 


3 Because these countries had less than 2 percent of the world’s literature total in psychology, reliable citation ratios cannot be calculated. 
4 Although French scientific journals may have severe space restrictions which discourage complete citations, the articles themselves tend to be more 
specific, covering less substantive material. For this reason, there may be an inflation of French publications in the scientific literature, making them more 
subject to citation than their significance warrants. 


SOURCE: Computer Horizons, Inc., Indicators of the Quantity and Quality of the Scientific Literature, 1975 (A study commissioned specifically for this 


report). 
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Table 1-8. Nobel Prizes awarded in science, 
for selected countries, 1901-74 


United United 
Date States Kingdom Germany' France U.S.S.R. 
Number of Nobel Prizes per 10 million population 

ULE Sebonoescsas 0.12 1.24 2.80 1.47 0.15 
AGM =1920) Mer ccctacces 0.20 0.71 2.00 1.01 _ 
UEPARIRED) pesecccsbacs 0.26 1.56 2.21 0.75 — 
IOS =M94 OF veiicrantrce 0.70 1.49 2.05 0.49 _ 
AGAT=1950) 3. chs eee 0.98 1.42 0.91 — — 

AOS =NOGO) eave roe erent 1.74 Ee) 0.59 - 0.2 
NOG OO ake5S 2.23 0.91 1.05 0.13 
ASTARNOTA: os Sie cakieeis 0.63 1.08 0.17 _— — 

Number of Nobel Prizes awarded 
HOO M=N MOM eer sectreictes 1 5 12 6 2 
ICHNEIRO) Socdhenncdos 2 3 7 4 — 
UCP) eosacsencous 3 / 8 3 = 
ICEWIAIRE OY SScoasccocos 9 Ti 8 2 — 
ISLES pancooecoban 14 7 4 = — 
NSS =OGO! Seer erect 29 9 $} os 4 
NQCT=197,0) Sac cretrers 26 12 5 5 3 
UCTAIRICE etectececssec 13 6 1 — — 
MOtah ses cccsseocwe ens 97 56 48 20 9 
Population 
(In millions) 

TOOM=ANGMO! eesresiecciye 84.25 40.31 42.81 40.79 133.06 
TOA =—1920) vee eerste 99.44 42.58 35.00 39.43 147.89 
ISPIEIKEO) Baoaoccooosd 114.77 44.79 36.25 39.95 167.15 
ICEHENRYO) Soegocenccoos 127.84 47.05 39.05 41.23 187.00 
UCLA EO cacosoadacur 142.43 49.42 44.22 41.52 187.50 
UENCE) Gagocssncaas 166.47 51.56 50.54 43.71 197.20 
UCGIEVL Ai tecdéuoausuce 192.77 53.80 54.91 47.59 230.05 
ICTAARY Ce reeecconcoat 207.64 55.52 59.29 50.71 247.85 


' Before 1946, includes East Germany 


SOURCE: The Nobel Foundation, Les Prix Nobel, annual series. 


Table 1-9. Nobel Prizes awarded by field for 
selected countries, 1901-1974 


United United 
Date Total States France Germany’ U.S.S.R. Kingdom Other 
Number of prizes in physics 

TROUSIIO: shedeucnosesouecns 14 1 4 3 — 2 4 
MOEA O20 Mev ccarsyaretsictereteleveysversizre 10 _— _ 4 _— 3 3 
IQZIEIWEO) se poe deosnoeeocan ae 12 2 2 3 — 2 3 
OSH MOA tes cersssiescrclcreiec-ceuccersi=te 10 3 = 1 — 3 $) 
NOAH MOSO Meters clexcinceis cise oe leis 8 2 — 1 — 3 2 
WHEWED): Soanoonoseosnooces 20 12 - 1 3 2 2 
MOO MOTO sieyetscclesore cenereiesserneters 18 9 2 2 3 — 2 
IWAIRILIES GSieseeanoreoncocus 9 5 _ —_— — 4 _ 

TCE! cadenacsdarnaedecas 101 34 8 15 6 19 19 

Number of prizes in chemistry 

USUARIO: Scaanesoseusosdess 10 — 1 5 _ 2 2 
UHI bcsomopdoopodosoc 8 1 3 3 — — 1 
IRZUEIRED)E Ga seetnunacanontas 10 _ — 4 = 3 3 
IREREICE Oe Soeertneroosdauce 12 2 2 4 _— 1 3 
ILI) Seeoaeeoopocodsoor 11 4 _— 3 — 1 3 
ICSU: Ste eso soecerocuaes 13 5 — 1 1 5 1 
IC SISILIA Soonsoonseonsauesc 15 4 - 2 — 6 3 
HOTA=1O TAS sraste wisistecetins aie oes 7 4 — 1 — 1 1 

Ota econ eee 86 20 23 1 19 17 

Number of prizes in physiology/medicine 

UCGHAIIO Me Sosepeouccocsanac 12 _ 1 4 2 1 4 
MOM =1 O20) Saves s ccrsieerctersters 6 1 1 _ _— = 4 
HOP NO SO asec ities dette cicens 11 1 1 1 _— 2 6 
POSTRTO4 Oe recs: ciclecteeinle ecesies 13 4 _ 3 —_ 3 3 
TEAR EO) copmanensnennacsec 17 8 = — _ 3 6 
LSTA) soosesuphseaoonadc 19 12 — 1 — 2 4 
ULSI) -paoooedsonenednode 26 13 3 1 — 6 3 
TRACE stosesenosecnanned 9 4 — — — 1 4 

UGE soc0gesecdaudaneece 113 43 6 10 2 18 34 


’ Before 1946, includes East Germany 


SOURCE: The Nobel Foundation, Les Prix Nobel, annual series. 


163 


Table 1-10. Patents granted to U.S. nationals by foreign countries' and 
to foreign nationals' by the United States, 1966-73 


Patents granted 1966 1967 1968 1969 1970 1971 1972 1973 
Ui Se balance ices ehics cSrsersiccisia sic eects eee 36,066 34,441 36,045 35,887 33,697 31,445 30,520 25,306 
Patents granted to U.S. nationals 
byforeign COuUmMtnieSiecntscs. ci: «cscs tele > 45,633 44350 45,168 47,825 45918 47,311 47,359 41,186 
Patents granted to foreign nationals 
by the WnitediStates™ s:c6....63. -ssce ne ee 9,567 9,909 9,123 11,938 12,221 15,866 16,839 15,880 
‘ Including Canada, West Germany, Japan, United Kingdom, U.S.S.R., Belgium, Denmark, Ireland, Luxembourg, and the Netherlands. 
SOURCE: World Intellectual Property Organization, /ndustrial Property, Geneva: 1966-73 (December issues). 
Table 1-11. U.S. patent balance with selected countries, 1966-73 
Selected country 1966 1967 1968 1969 1970 1971 1972 1973 
Canada: 
Balancer asia. deacons eelonts ee eae 15,676 16592 16686 18,153 17,598 16,665 16,045 11,619 
Grantedito) WSs saeco eccienecre 16,614 17,583 17,583 19,147 18663 17,992 17,289 12,964 
Grantediby:WiS') Sse cans ssces rece 938 991 897 994 1,065 1,327 1,244 1,345 
West Germany: 
Balancein ota stiaiscesietemctrooreiees -248 -360 362 -40 -1,552 -1,128 -1,153 -639 
GranteditoyWiSs was teen cee cee 3,733 3,406 3,804 4,483 2,882 4,393 4,575 4,949 
GrantediibyswiSs Sees... cece 3,981 3,766 3,442 4,523 4,434 5,521 5,728 5,588 
Japan: 
Balance i.28 S..cccs uae nance oc eamenreetee 3,561 2,008 3,439 2,505 2,149 1,667 794 546 
GranteditoiWiS se cera. ccmcninmccicee 4,683 3,432 4,903 4,657 4,774 5,700 5,948 5,485 
GrantedibyaW:Ss ssicice. acess eee ce 1,122 1,424 1,464 2,152 2,625 4,033 5,154 4,939 
United Kingdom: 
BalanGeri: ex nt screiscice s sive aetciaesas 11,440 10,877 10,107 9,503 9,776 9,226 9,837 8,866 
GranteditoiWiSey ck cre suvecccmeee 14a “ASiG76 W2:588: 12:678: 125728: 121682. 13001 lean, 
Grantediby W:S® scnce. creme cnc ee 2,677 2,799 2,481 3,175 2,952 3,456 3,164 2,851 
Other E.E.C. countries’ 
Balancer ec ace cnis snickers 5,700 5,439 5,481 5,842 5,743 5,143 5,093 4,914 
Granted itosWiSy aiccr.- iccsensanatoee 6,483 6,253 6,225 6,777 6,670 6,346 6,287 6,071 
GrantedibyaU Siamese: sc ese eine 783 814 744 935 927 1,203 1,194 1,157 
U.S.S.R.:: 
Balance’ «icc crac cavnctae cisieisisrersrs usietete -63 =115 -30 -76 =A )7 -128 -96 -177 
CHeIMECtOWS, oadosousgounsduadcone 3 0 65 83 201 198 259 205 
Granted! byAWiSty -aasecemasorsss cee 66 115 95 159 218 326 355 382 


' Other European Economic Community (E.E.C.) countries include Belgium, Denmark, Ireland, Luxembourg, and the Netherlands. Data from France are 


not reliable for use in this indicator. 


SOURCE: World Intellectual Property Organization, /ndustrial Property, Geneva: 1966-73 (December Issues). 
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Table 1-12. Major technological innovations, 
by selected countries, 1953-73 


United United West 


Period States Kingdom Germany Japan France Total 
Percentage of total 
W953=55) cies sacle 75 14 6 0 5 100 
NO5G=58) trciow woneaters 82 9 5 0 5 100 
1OSS-Gilie Fv weston 68 21 2 2 i 100 
1962-640 Sac scwene 66 ile 5 12 0 100 
IRGEEGY/ “Seon uuncexs 55 23 12 8 3 100 
UCSC ls Gocumeancon 57 19 8 13 4 100 
(OVA ooscdes nos 58 16 9 10 8 100 
Number of innovations 

IEEE aguesnmode 63 12 5 (0) 4 84 
956-58) Ei c-coeieete 36 4 2 0 2 44 
MS5SO=6ill ee acicuzteysrere 38 12 1 1 4 56 
WGG2=64 5 ee. asco 55 14 4 10 0 83 
MOGBS=67 5 cries ayieyerere 36 15 8 5 2 66 
NOGS=70} sertsrts cis sess 45 15 6 10 3 79 
nC ARICP esto aces coG 46 13 7 8 6 80 


ed 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: Gellman Research Associates, Inc., Indicators of International Trends in Technological Innovation, 1975 (A 
study commissioned specifically for this report). 


Table 1-13. Mean time in years between invention and innovation, 
for selected countries, 1953-73' 


United West United 
Period States Japan Germany France Kingdom 
1953-62) sectors 8.4 (?) 5.5 7.5 5.1 
IRGEE TG atonouaraceb 6.4 3.6 5.6 7.3 8) 


’ Refers to the date of the innovation. 
2 Sample size does not allow calculation of the time interval. 


SOURCE: Gellman Research Associates, Inc., Indicators of International Trends in Technological Innovation, 1975 (A 
study commissioned specifically for this report) 
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Table 1-14. “Radicalness” of innovations by selected countries, 1953-73 


Improvement of Major technological Radical 
Country existing technology advance breakthrough 
Percentage of each country’s innovations 
United States ...... 41 31 27 
United Kingdom ... 4 40 56 
France? 6 .facirscats 12 65 24 
West Germany ..... 36 50 14 
JapaNnleacaee cisco. 38 54 8 
Number of innovations 
United States ...... 98 74 65 
United Kingdom ... 2 18 25 
Brances pysctccte ents 2 11 4 
West Germany ..... 8 11 3 
ADAM iiss c csisie. seers 10 14 2 


NOTE: Detail may not add to 100 percent because of rounding. 


SOURCE: Gellman Research Associates, Inc., Indicators of International Trends in Technological Innovation, 1975 (A 
study commissioned specifically for this report) 
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Table 1-15. U.S. receipts and payments for patents, 
manufacturing rights, licenses, etc., by country, 1960-74' 
[Dollars in millions] 


Western Developing 
Year Total Europe Japan nations Other 
1960 
Balancelernescmen: $210 $105 $48 $25 $31 
ReceiptsSismacececee 248 140 48 26 33 
Payments sacceeecr 38 35 0 1 2 
1961 
Balance) sc -acaete 201 94 50 25 32 
Receipts): d-mectereias 244 132 52 26 34 
Payments meee 43 38 2 1 2 
1962 
Balance: 2415. 212 95 51 29 38 
Receipts 0m 256 133 53 30 40 
Paymentsis. scenes. 44 38 2 1 2 
1963 
Balance: sccc)cn ee 222 98 57 30 37 
Receipts) .......0.% 273 144 58 31 39 
Payments)s-cri-cene 51 46 1 1 2 
1964 
Balances eeceneocc: 241 106 65 33 35 
Recelptsiciraceccenc 301 162 66 34 38 
Raymentsiecer-cricer 60 56 1 1 3 
1965 
Balance: h-eeersie. 268 128 65 35 40 
Receipts seeemmenre 335 189 66 37 43 
PaymentsStaacceeene 67 61 1 2 3 
1966 
BalanGe: usec. 277 119 67 46 46 
Receipts .......... 353 186 70 50 48 
Payments ecrere sci 76 67 3 4 2 
1967 
Balance! Sae-e-esce 289 97 91 48 54 
Receipiss. metre 393 190 95 51 57 
RaymentSis riser 104 93 4 3 3 
1968 
Balancevaencsmerci 331 102 126 59 45 
Receipts ae snasccce 437 196 130 63 49 
PaymentSiaepeccee +. 106 94 4 4 4 
1969 
Balance errs: 366 115 151 56 44 
Receipts) saccecae- 486 222 155 61 49 
Raymentsierecccc 120 107 4 5 5 
1970 
PEIEINGE! onocaadoos 459 148 198 61 52 
Receiptsracserencce 573 247 202 68 56 
Paymentsicsemecse. 114 99 4 7 4 
1971 
BalanGe)s.cckec 495 158 219 67 51 
Receipts a-ccecac 618 268 223 71 56 
PaymentStenreievenc 123 110 4 4 5 
1972 
BEGG amecasacade 516 150 234 74 58 
Receiptsy.--crcrniac 655 270 240 80 65 
PaymentSisccmacce 139 120 6 6 uf 
1973 
BalanGen seicnccnass 549 160 261 71 58 
Receiptsi-mece sacs 725 306 274 81 65 
RaymentSiencese.se 176 146 13 10 7 
1974 (preliminary) 
Balance’ ee ec. 2. 601 200 241 91 69 
Receipts? scence 781 348 249 107 77 
Paymentsieceereerc 180 148 8 16 8 


' Represents U.S. receipts and payments arising out of agreements by U.S. residents with residents or governments of 
foreign countries to sell or buy outright or provide or be provided with the use of intangible assets or rights such as patents, 
techniques, processes, formulae, designs, trademarks, copyrights, franchises, manufacturing rights, and other similar 
intangible property or rights. Excludes fees and royalties connected with U.S. and foreign direct investments and excludes 
film rentals. 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: Department of Commerce, Bureau of Economic Analysis, Survey of Current Business, June 1975 


Table 1-16. Real Gross Domestic Product per employed civilian, 
for selected countries compared with the United States, 1960-74 
(Indexes, United States = 100) 


United West United 
Year States France Germany Japan Kingdom 
NOG OMirecrarereteiatsysieiecs scstotois 100 55.1 52.0 24.4 50.7 
131) © ck begaaooanboades 100 60.2 55.7 S1.7 48.6 
SGV)’ seadagueansomeeds 100 62.9 56.4 36.3 49.3 
ILO! ss nekeoRscboaodas 100 71.4 67.0 48.7 52.6 
IEYAl. sageeeacocrcodoce 100 72.9 67.0 50.4 53.5 
IL. Avenecatosanearec 100 74.1 67.6 53.3 53.3 
WWNSetooneamdaseceesoe 100 foul 69.2 55.9 53.4 
IQA Beeeepeseunodnced 100 81.1 73.8 57.4 55.6 


SOURCE: U.S. Department of Labor, Bureau of Labor Statistics, Office of Productivity and Technology, Comparative 
Real Gross Domestic Product, Real GDP per Capita, and Real GDP per Employed Civilian for Six Countries, July 1975. 


Table 1-17. Productivity’ in manufacturing industries, 
by selected countries, 1960-74 
(Index, 1960 = 100) 


United West United 
Year States Japan France Germany Kingdom 

iC 10)! Coase eeeaeapende 100.0 100.0 100.0 100.0 100.0 
WGBih Nesstare ee atsuse, a eey 102.5 113.1 104.7 105.4 100.8 
ic onemcasarocenoos 108.3 118.1 109.5 112.2 103.3 
Wisk daateoncaapucoa oon 112.7 127.6 116.0 118.1 108.9 
NOGA eetincnemiee cise 118.0 144.6 121.8 127.3 116.8 
NOOSE Herein meee 122.7 150.7 128.8 136.1 120.3 
NOGGiet ese erties 124.3 165.9 137.8 141.6 124.6 
NGG Tiere rs sarcreisasieeccieislethe 124.2 190.5 145.6 150.6 130.2 
cc) oroareaencopoeecd 130.2 214.5 162.2 162.0 138.9 
Ces Bapeececotopoonrnn 1333 247.6 168.0 171.4 1408 
OO. Beoucadornonaceerd 134.0 279.0 176.4 175.8 142.1 
ICVAh “sea seceareonaac 143.1 289.0 185.6 184.2 148.7 
UCAS he emma eocoo 151.2 312.2 198.1 195.9 154.8 
WOKS eas erect ces Noa 159.4 368.8 209.6 209.9 165.6 
IKIC(GSY) Seeocuppaoce 160.5 380.8 221.1 215.1 165.8 


’ Output per man-hour. 


SOURCE: P. Capdevielle and A. Neef, “Productivity and Unit Labor Costs in the United States and Abroad”, Monthly 
Labor Review, July 1975 
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Table 1-18. Unit labor cost' in manufacturing industries, 
by selected countries, 1960-74 
(Index, 1960 = 100) 


United West United 
Year States Japan France Germany Kingdom 

UL CO Re reearsnciscanc had 100.0 100.0 100.0 100.0 100.0 
UCC aemebremoren cos ac 100.6 102.8 105.2 105.9 106.9 
UGE ESepananceia tacccos 99.1 112.5 110.7 112.6 109.8 
NOGSiarcicca cist coer ayes 98.4 116.3 115.5 114.2 108.9 
MOGS' eisscvetecc cee sectors 98.2 115.3 118.2 114.2 108.8 
NOES caicscaisras veer wee 97.0 124.7 120.4 A723 115.6 
OAS Saocodancnocened 100.0 124.8 119.6 123.0 121.0 
HOGTb acing crete 105.0 121.8 122.7 122.4 119.0 
HOGS) os csetemsnssctese 107.5 125.7 124.9 120.6 119.5 
NQGQ) cicciaa servers nsiavere nalts 128.9 127.5 124.2 127.4 
NOLO! ssac a sieeve 118.9 135.8 136.1 139.5 144.9 
ICT Altagemecn bocca oats 118.9 151.8 144.8 151.7 158.0 
IR iOmenesesadoouodDaon 118.8 162.6 151.7 159.2 171.5 
A OLB. sos ceemceierteeeseets 120.6 171.3 162.8 168.7 181.7 
1974 (eSti) sc cerieeiccte 131.2 220.1 180.7 187.5 216.9 


‘In national currency unadjusted for inflation. 


SOURCE: P. Capdevielle and A. Neef, “Productivity and Unit Labor Costs in the United States and Abroad”, Monthly 
Labor Review, July 1975. 


Table 1-19. U.S. trade balance in R&D-intensive and non-R&D-intensive 
manufactured products, 1960-74 
(Dollars in millions) 


1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 


R&D-intensive 


Balance ........ 5,891 6,237 6,720 6958 7,970 8177 8020 8817 9,755 10,471 11,722 11,727 11,012 15101 23,612 

Exportieersisecae 7,597 8.018 8715 8975 10,267 11,107 12,203 13,407 15,312 16955 19,274 20,228 22,003 29,088 41,115 

Iniporteerc ec 1,706 1,781 1,995 2,017 2,297 2,930 4,183 4590 5537 6484 7,552 8501 10,991 13,987 17,503 
Non R&D-intensive 

Balance ........ -179 -12  -691 -765 -678 -2,027 -3,325 -3,729 -6,581 -6,698 -8,285 -11,698 -15,039 -15,370 -16,296 

Expomtiectacs ct: - 4962 4,730 4,940 5,284 6121 6281 6913 7,437 8506 9,830 10,069 10,215 11,737 15643 22,412 

import! 26 25... 5,141 4,742 5,631 6,049 6,799 8308 10,238 11,166 15,087 16528 18354 21,913 26,776 31,013 38,708 


SOURCE: U.S. Department of Commerce, Domestic and International Business Administration, Overseas Business Reports, April 1975 and April 1972 
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Table i-20. U.S. trade balance in R&D-intensive manufactured products, by product group, 1960-74 
(Dollars in millions) 


Product 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 
Chemicals 
Balance 955 1,051 1,104 1,294 1662 1,633 1,719 1844 2158 2155 2,376 2,224 2,118 3,286 4,831 
Export 1776 1,789 1,876 2,009 2,364 2,402 2,676 2,802 3,287 3,383 3,826 3,836 4,133 5,749 8,822 
Import 821 738 772 715 702 769 957 958 1,129 1,228 1,450 1,612 2,015 2,463 3,991 
Machinery, nonelectrical 
Balance 2,948 3,288 3547 3574 3989 4114 4102 4218 4280 4838 5,583 5,268 5,325 6,904 10,633 
Export : 3,386 3,743 4087 4209 4860 5274 5779 6181 6560 7,460 8686 8,772 9,864 12,556 17,299 
Import 438 455 540 635 871 1,160 1,677 1,963 2,280 2,622 3,103 3,504 4539 5,652 6,666 
Electrical machinery 
Balance ... 804 891 946 1,074 1,222 1,020 883 962 792 729 728 512 321 533 1,602 
Export 1,090 1,225 1,361 1,493 1,665 1,660 1,899 2,098 2,284 2677 2,999 3,067 3,698 5,032 7,019 
Import 286 334 415 419 443 640 1,016 1,136 1,492 1948 2,271 2,555 3,377 4,499 5,417 
Aircraft 
Balance 970 766 857 726 791 997 828 1,271 2,015 2,140 2,382 3,049 2,580 3,556 5,256 
Export 1,024 903 980 817 S74 TST 1 LOS 15519199 2;309) 2/4235 2/656 3,387 2,995 4,119 5,766 
Import : 54 137 123 91 83 140 273 248 294 283 274 338 415 563 510 
Professional and 
scientific instruments 
Balance 214 241 266 290 306 413 488 522 530 609 653 674 668 822 1,290 
Export : 321 358 411 447 504 634 748 807 872 1,012 1,107 1,166 1,313 1,632 2,209 
Import’S seer 107 117 145 157 198 221 260 285 342 403 454 492 645 810 919 
SOURCE: U.S. Department of Commerce, Domestic and International Business Administration, Overseas Business Reports, April 1975 and April 1972. 
Table 1-21. U.S. trade balance with selected nations in R&D-intensive 
manufactured products, 1966-73 
(Dollars in millions) 
Nations 1966 1967 1968 1969 1970 1971 1972 1973 
Developing nations 
BalamCe ss owiicictycractesnvoee ictal tisiota cttete 4,053 4,033 4,430 4,445 4,928 5,087 5,277 6,675 
EXPOMmt Specs cisscierercrane cet rerousrocaisretaretnisionte 4,316 4,332 4,822 5,002 5,679 5,996 6,765 8,968 
LM PONE is cestatenatesaveceisoustsloie tne teveverererermrolore 263 299 392 547 751 909 1,488 2,293 
Western Europe 
Balancer acs evrnncte cine scccastrccrcicior 1,890 2,283 2,566 2,986 3,942 3,599 3,089 4,165 
Exponbessecia cya tre arte Ste ors. oter sree tebe Feros 3,865 4,359 5,020 5,655 6,927 6,861 7,345 9,597 
IM POPs iste cccse ce evs sinner sis sre rsserererars siercverors 1,975 2,076 2,454 2,669 2,985 3,262 4,256 5,432 
Canada 
BalamGeicas scciseacirtincie s ecterenvociorai aie 1,800 1,760 1,719 1,914 1,684 1,865 2,333 3,011 
ExpOitusianccscrorerateusctentecomesclewmpee moles 2,838 2,983 3,142 3,478 3,513 3,914 4,678 5,741 
IMPOR A eens aoe fits sisroare een eae 1,038 1,223 1,423 1,564 1,829 2,049 2,345 2,730 
Japan 
Balance: «. daccssias coe ido sormeeieiios -133 —115 -200 -324 -224 -516 -971 -839 
Export: cieticiesineievocet aera eee none 661 772 930 1,180 1,536 1,520 1,639 2,216 
IMpOtte:: sce sei oretetene eee 794 887 1,130 1,504 1,760 2,036 2,610 3,055 


SOURCE: US. Department of Commerce, Domestic and International Business Administration, Overseas Business Reports, June 1974 and August 1973. 
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Table 2-1. National R&D expenditures, 1960-74 


[Dollars in billions] 


Current Constant 
Year dollars dollars’ 
NOGO Mee mtr eee etc $13.6 $15.4 
MSSM ir cacriencise ahetsteletsrsensiciatscansrece 14.3 16.1 
MOO Qe treet tspeuelets ete svolcnekereke 15.4 17.1 
NOOSE eisiocg menteerecevcumicr: 17.1 18.8 
1964: Cah Sask ein ericietiis ass 18.9 20.4 
UGGS eyaieierecters anererecetersvoress cies eyavens 20.1 Ars 
NOGG rnc sans stacsitisousus Shei cue nhs 21.9 22.6 
NOG Lm rier eeiceiee wate cinmiccns 23.2 23.2 
WIGS aes ene a ce dass 24.7 23.7 
NOGOH Sec acirtnetiastereicoees 26.7 23.6 
AD Omsartrasretisiee smisee merece 26.0 22.6 
NOPE aetstenetsecicusteneretepe sveiSiors, cae 25.7 22.2 
NOG2 sans eae ae aaa 28.4 22.9 
OVS) pasecthate wcscie a wise eimelarececis 30.4 23.2 
NQPAN(ESU)) sieresrrcstaets cere sate 32.0 22.1 


’ GNP implicit price deflators used to convert current dollars to constant 


1967 dollars 


SOURCE: National Science Foundation, National Patterns of R&D 


Resources, 1953-75 (NSF 75-307). 


Table 2-2. Scientists and engineers' employed in R&D, 


by sector, 1961-74 
[In thousands] 


Other 

Yearly Federal Universities nonprofit 

average Total Government Industry and colleges FFRDC’s? institutions 
HOGI Sees 425.7 51.1 312.0 42.4 9.1 11.1 
Uc itaoaamsnds 494.1 61.8 348.4 53.4 11.1 19.4 
NOGBS) crecceiee 550.4 68.1 381.9 66.0 11.2 23.2 
1969 558.2 69.9 385.6 66.3 11.6 22.8 
WAY wesonces 549.5 69.8 375.4 68.5 Wiles) 24.3 
Ale raseneos 529.7 66.5 358.3 68.4 11.5 25.0 
QUA asicasksc 521.5 65.2 352.6 66.5 12.0 25.2 
ILA) Gesaeoce 523.1 62.3 359.2 64.6 12.4 24.6 
1974 (est) ... 527.8 65.0 359.5 66.8 12.1 24.4 


' Full-time-equivalent basis, excluding those employed in State and local agencies, calculated as the yearly average. 


Graduate students are included. 


? Federally Funded Research and Development Centers administered by universities. 


SOURCE: National Science Foundation, National Patterns of R&D Resources, 1953-75 (NSF 75-307). 
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Table 2-3. National R&D expenditures as a percent of GNP by source, 1960-74 
[Current dollars in billions] 


Gross All sources Federal sources All other sources 
National R&D asa R&D asa R&D asa 
Product Total percent Total percent Total percent 
Year (GNP) R&D of GNP R&D of GNP R&D of GNP 
HNQGOY Brvvecssstetetecsisycictesetetevenslerere y= $503.7 $13.6 2.70 $8.8 UE $4.8 0.95 
ASG lentes cet-soecccciseees 520.1 14.3 2.75 9.3 1.79 5.1 0.98 
NOG 2 ererccerrarrnctercistevsicye lassie 560.3 15.4 2.75 9.9 UBL 5.5 0.98 
TOGB OS os tesecare sYorcisctoueys uses on ntere 590.5 Utell 2.90 11.2 1.90 5.9 1.00 
HOGA Bee asic cris eters cesbercuaes 632.4 18.9 2.99 12.6 1.99 6.3 1.00 
MOGS corners crtcrerscsysisnsreierets 684.9 20.1 2.93 13.0 1.90 7A 1.04 
MOG cpapeeas sis caretetaveraissecscersiscevereie7s 749.9 21.9 2.92 14.0 1.87 7.9 1.05 
TICS Rain ooo GeO ADaS EOE 793.9 23.2 2.92 14.4 1.81 8.8 1.11 
MOGSE ss Serer tic Siac ors isis aise reece 864.2 24.7 2.86 15.0 1.74 9.7 dee 
NOG Gas Pec ceerctamtecme rer oe 930.3 25.7 2.76 14.9 1.60 10.8 1.16 
ORO ecrctt neciaciicst- Cites 977.1 26.0 2.66 14.8 1.51 11.3 1.16 
AQT: © catreveravsie ane vsrecs oPeveis ayerayevs 1,054.9 26.7 2.53 15.0 1.42 11.8 1.12 
QT ome cree teense ronsrotins ejexe 1,158.0 28.4 2.45 15.9 1.37 12.5 1.08 
NOES): Bee atrste cen crhojstoneeeto sieeers 1,294.9 30.4 2.35 16.5 Wee 14.0 1.08 
NGVAx(CSTA Bree ch oetrettianetters 1,396.7 32.0 2.29 17.0 1.22 15.1 1.08 


nn 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, National Patterns of R&D Resources, 1953-75 (NSF 75-307) and The Budget of the United States Government, 


Fiscal Year 1976. 
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Table 2-4. National expenditures for R&D by source, 1960-74 


[Dollars in millions] 


Other 
Federal Universities nonprofit 
Year Total government Industry and colleges _ institutions 
Current dollars 
NWOGOF So wae eee $13,551 $8,752 $4,508 $149 $142 
Ue eilhsasoreorec cos 5 14,346 9,264 4,749 165 168 
M9622. 608s eee 15,426 9,926 5,114 185 201 
USCS aio hee 17,093 11,219 5,449 207 218 
OCA eas 18,894 12,553 5,880 235 226 
NOES Giese eucn ences 20,091 13,033 6,539 267 252 
HOGG aes ae 21,894 13,990 7,317 303 284 
WIGT Geos ecer 23,205 14,420 8,134 345 306 
HOGER eset ae 24,669 14,952 8,997 391 329 
dic loko eerncenn cance ci 25,686 14,914 9,998 420 354 
WOMO! Grin cone oe 26,047 14,764 10,434 461 388 
NOT oeS ys ccte Seater 26,745 14,982 10,817 529 417 
WOT 2 ene exe 28,402 15,875 11,508 576 443 
UCAS ame teins omen ans 30,427 16,472 12,880 604 471 
ISTAN(ESt) ss asceees 32,045 16,955 13,916 683 491 
Constant 1967 dollars’ 

POCOR hos oticester $15,427 $9,964 $5,132 $170 $162 
UC eileen snes oc 16,124 10,412 5,338 185 189 
NOG2R SES So. ee ae 17,147 11,034 5,685 206 223 
IOGSiG ee Sees 18,756 12,310 5,979 227 239 
WQ64ee. ose aes 20,410 13,561 6,352 254 244 
UCIER Ye ienntesern ood 21,310 13,824 6,936 283 267 
UG eseeseugeacens 22,594 14,438 7,551 313 293 
SCY Ae aneeeesas Gord iad 23,205 14,420 8,134 345 306 
HOGB ie Ai cee ae 23,717 14,376 8,650 376 316 
Ie eambntaccoosod 23,560 13,680 9,171 385 325 
TAC eee Ns 6 22,648 12,837 9.072 401 337 
CYA Gennes coceco 22,249 12,463 8,998 440 347 
HOT OG io eee 22,857 12,776 9,261 464 357 
CTS Sa hareg eek a crn 23,186 12,552 9,815 460 359 
WOTA (ESE). cue ces 22,143 11,716 9,616 472 339 


' GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, National Patterns of R&D Resources (NSF 75-307). 
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Table 2-5. National expenditures for R&D by performer, 1960-74 
{Dollars in millions} 


Other 
Federal Universities nonprofit 
Year Total government Industry and colleges FFRDC'’s' institutions 
Current dollars 
COM cocaeHooe $13,551 $1,726 $10,509 $646 $360 $310 
iiclen Ieesonnoa nocd 14,346 1,874 10,908 763 410 391 
Clea Sots cots 15,426 2,098 11,464 904 470 490 
ASG Sm reverse ceisterexs 17,093 2,279 12,630 1,081 530 573 
Ke ey. tes deciamnatcee 18,894 2,838 13,512 1,275 629 640 
Clik pacmoosores 20,091 3,093 14,185 1,474 629 710 
N9GGH mares 21,004 3,220 15,548 AAS 630 781 
N9GVeemerchretlvrtss (2S;205) 3,396 16,385 1,921 673 830 
HOGS EMtrae oF ore eteers 24,669 3,493 17,429 2,149 719 879 
MOCO ereiavestore.stoeaers 25,686 3,503 18,308 2,220 725 930 
MOTO vericrrieccrs cverare 26,047 3,855 18,062 2,335 737 1,058 
CVA) ceecaitieentee 26,745 4,156 18,311 2,500 716 1,062 
VOTO crsreeren: 28,402 4,482 19,371 2,675 764 1,110 
IVES Rooagooeers 30,427 4,619 20,937 2,934 817 1,120 
1974 (est.) ...... 32,045 4,900 22,020 3,008 865 1,252 
Constant 1967 dollars? 

UOGOL sires tesetersusvsie $15,427 $1,965 $11,964 $735 $410 $353 
ICG Spas ee@acnae 16,124 2,106 12,260 858 461 439 
NQGQ2 catecsisisscrsceyess 17,147 2,332 12,743 1,005 522 545 
MS GSie ss os \creraisie.: 18,756 2,501 13,858 1,186 582 629 
MOG ere tosfcy cesses 20,410 3,066 14,597 TSE 679 691 
NOGSieaecceiievatns 21,310 3,281 15,046 1,563 667 753 
N9GGi ayer yecines 22,594 3,323 16,045 1,770 650 806 
MOG few ererssererevarence 23,205 3,396 16,385 1,921 673 830 
WOGEN cacvemeerre ss 23,717 3,358 16,757 2,066 691 845 
HOG cstevs Searerersseyss 23,560 3,213 16,793 2,036 665 853 
MOO weet mascrstrcie< 22,648 3,352 15,705 2,030 641 920 
WOT aesvs-cvercrons crores 22,249 3,457 15,233 2,080 596 883 
Ce retoapo cu cee 22,857 3,607 15,589 2,153 615 893 
UCTS. Baqaaancboe 23,186 3,520 15,954 2,236 623 853 
1974 (est.) ...... 22,143 3,386 15,216 2,078 598 865 


a ————— 


‘ Federally Funded Research and Development Centers administered by universities. 
2 GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 
NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, National Patterns of R&D Resources (NSF 75-307). 
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Table 2-6. National R&D expenditures, by character of work, 1960-74 


[Dollars in millions] 


Current dollars Constant 1967 dollars’ 
Basic Applied Develop- Basic Applied Develop- 
Year research research ment research research ment 

AOGO: eos ise cisislecte $1,183 $3,057 $9,311 $1,347 $3,480 $10,600 
NOG eysrerccsercmtisien tare 1,378 Sills 9,853 1,549 3,501 11,075 
cH ansmipomedonerson 1,695 Sue 10,004 1,884 4,143 11,120 
NGS remirnacsirvecine 1,974 3,825 11,294 2,166 4,197 12,392 
WOGAE sy vires sc rcutelaketete 2,301 4,238 12,355 2,486 4,578 13,347 
OOS ye eer tesryeieee acres 2,572 4,470 13,049 2.728 4,741 13,841 
MOOG: cise cs tives vaysie tess 2,825 4,747 14,322 2,915 4,899 14,780 
WOOT Reusisretncielsiereeiers 3,029 4,968 15,208 3,029 4,968 15,208 
UClst3 i aoemeet ood 3,286 5,356 16,027 3,159 5,150 15,409 
NOOO eek sci ciesueisteievers 3,378 5,533 16,775 3,099 5,075 15,387 
WG 7O! sesecasc careers 3,548 5,892 16,607 3,085 5,123 14,440 
UC /liseurrececerae 6 3,544 6,047 17,154 2,948 5,030 14,270 
UCT Seouecoacreoos 3,705 6,272 18,425 2,982 5,047 14,828 
US ee heer Soren Seite 3,800 6,839 19,788 2,896 5,211 15,079 
1974: (ESt)) seis wires 3,991 7,460 20,594 2,758 5,155 14,230 


1 GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 


SOURCE: National Science Foundation, National Patterns of R&D Resources, 1953-75 (NSF 75-307). 
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Table 2-7a. Basic research expenditures by source, 1960-74 
{Dollars in millions] 


Universities Other 
Federal and nonprofit 
Year Total Government Industry colleges institutions 
Current dollars 
NOGO). cco strnstaiesterer $1,183 $693 $331 $72 $87 
il OG Nicer. tarserevaverercateuses 1,378 841 350 85 102 
1962) Asie eke 1,695 1,091 382 102 120 
RKO se Sadiomoconason 1,974 1,310 414 121 129 
NOGA canvasiiescmereesb. 2,301 1,595 424 144 138 
NOGStees carats seen 2,572 1,817 448 164 143 
WOGG® oiace sieseiss stsrersss 2,825 1,986 496 196 147 
TOGTR Rrccc sites 3,029 2 ins 477 223 156 
MOGSiteS ech eee 3,286 2,327 518 276 165 
1969) cevsss cake ws sels 3,378 2,386 519 298 175 
WOTO) Soeieesterscteats ors 3,548 2,469 536 350 193 
OA these anee ne 3,544 2,379 556 400 209 
A OM2 wyaanisvece crete: 3,705 2,528 528 428 221 
NOPSE Setasrse <ierecetters 3,800 2,605 561 416 218 
AOTAMESE)) te weeerne 3,991 2,724 594 434 239 
Constant 1967 dollars’ 
cls pasgcrnasonbe a $1,347 $789 $377 $82 $99 
NOG Pe sete ave oc crneteter 1,549 945 393 96 115 
1962) ces cwncienaies 1,884 WIS 425 113 133 
WOGSieemetecccsspeer 2,166 1,437 454 133 142 
WSG4 Getacvsnietoracee 2,486 UES 458 156 149 
1965) \ akc diccseweatn es 2,728 1,927 475 174 152 
NOGG teers ate cisco treet 2,916 2,050 512 202 152 
NOG Tivos beste. 3,029 2,173 477 223 156 
1968 i temeecstie nee 3,159 2,237 498 265 159 
W969? occcesee as Graverse 3,099 2,189 476 273 161 
UCTAOe Goceaosoonaodc 3,085 2,147 466 304 168 
ile eeaspaskenccns 2,949 1,979 463 333 174 
NOT Qs earessjaieso-oanescomerste 2,981 2,034 425 344 178 
Te ou aera ne 2,895 1,985 427 317 166 
1974;(CSt) ena e nse 2,757 1,882 410 300 165 


Neen ee ee ee a EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEIEESEEEE 


‘ GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 


SOURCE: National Science Foundation, National Patterns of R&D Resources; 1953-75 (NSF 75-307). 
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Table 2-7b. Applied research expenditures by source, 1960-74 


[Dollars in millions] 


Universities Other 
Federal and nonprofit 
Year Total Government Industry colleges institutions 
Current dollars 
ICO) Getacstencssos $3,057 $1,725 $1,228 $66 $38 
Cp peecaaonecccs Salis) 1,804 1,197 69 45 
CLS Bae eemicaisics 3,727 2,127 1,473 70 57 
USGS) Sate ciese cariseters 3,825 2,205 1,487 72 61 
NOGA ar eteresarcsverd crsccietere 4,238 2,503 1,596 77 62 
W19652 secs eccmones 4,470 2,653 1,658 88 71 
MOCO Pease ceteier wate 4,747 2,729 1,844 89 85 
NOG 74 Crasteievasis.ascaiceets 4,968 2,874 1,895 102 97 
IGGBE Pe enncrseno eee 5,356 3,020 2,132 97 107 
MOGO! ve cvetereje eis ere Renee 5,533 2,982 2,327 105 119 
NQZOL Rverisveveruee cavers 5,892 3,258 2,406 98 130 
NL Q7iererte te cise ayaytoe 6,047 Soils, 2,476 115 143 
WOT 2 ane sieve verses sie 6,272 | 3,387 2,601 132 152 
ICY eso nauemen ce 6,839 3,670 2,835 158 176 
NOTE (OStE) ects seer 7,460 3,992 3,080 214 174 
Constant 1967 dollars’ 

NOGOM vase scieeisicaisete $3,480 $1,964 $1,398 $75 $43 
HOG Wires ctor Suances 3,502 2,028 1,345 78 51 
NOGA errors weer etae 4,142 2,364 1,637 78 63 
MOGSE sas osc csrdee eaters 4,197 2,419 1,632 79 67 
NOGA ee ca sie a 4,578 2,704 1,724 83 67 
HOGS ME aststos omen 4,741 2,814 1,759 93 75 
Ue eeemenio coo 4,899 2,816 1,903 92 88 
IC ISY Geeeoeetsacerncico’ 4,968 2,874 1,895 102 97 
NOGB ee Sei, 5 eee 5,150 2,904 2,050 93 103 
NOGQ se cincacedenne 5,074 2,735 2,134 96 109 
NO AOS we erccerae wrsisionte 5,123 2,833 2,092 85 113 
NOMA = Sc cpowierce else 5,031 2,756 2,060 96 119 
NDF arevetsy aiévaibrs «Gia 5,047 2,726 2,093 106 122 
ICS. Ae tana ¢ 5,211 2,797 2,160 120 134 
NOMA T(ESTS))\ cccicks scree 5,154 2,758 2,128 148 120 


' GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 


SOURCE: National Science Foundation, National Patterns of R&D Resources, (NSF 75-307). 
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Table 2-7c. Development expenditures by source, 1960-74 
{Dollars in millions] 


Universities Other 
Federal and nonprofit 
Year Total Government Industry colleges institutions 
Current dollars 
MOCO! Seeciesra sonccese $9,311 $6,334 $2,949 $11 $17 
ake chee ten Se ces omneae 9,853 6,619 3,202 11 21 
M962. aces se sce cheers 10,004 6,708 3,259 13 24 
IRGC Ace osdanamsed 11,294 7,704 3,548 14 28 
M964) e-Ressassccee 12,355 8,455 3,860 14 26 
WIGS rac eeieale eyssee 13,049 8,563 4,433 15 38 
VOGB et ase cece -str stake 14,322 9,275 4,977 18 52 
NOG faa eieres acss aioe 15,208 9,373 5,762 20 53 
MOGS Sev tescvescyecNavc chore 16,027 9,606 6,347 17 57 
LIS ae eens 16,775 9,546 7,152 Ue 60 
MOTO cases neste 16,607 9,037 7,492 is) 65 
Cyl ooticncaseaaens 17,154 9,290 7,785 14 65 
UC ea san enacts 18,425 9,960 8,379 16 70 
NOP Sle Sepee cece epee 19,788 10,197 9,484 30 ihe 
IRC NESB) oasonnces 20,594 10,239 10,242 35 78 
Constant 1967 dollars’ 
NOGO: erates areas $10,600 $7,211 $3,357 $13 $19 
NOGMieimersieiele cerace 11,075 7,440 3,599 12 24 
NOG24 Gaercies oni cerhaurs 11,121 7,457 3,623 14 27 
NOG Sisk cece exces 12,392 8,453 3,893 15 31 
NSGA roses csteesa sae 13,347 9,134 4,170 15 28 
NOGS Ar reer sinensis 13,841 9,083 4,702 16 40 
NOGG:wieretetate hs cvecsrereys 14,781 9,572 5,136 19 54 
NOG Taube eos arse eee 15,208 9,373 5,762 20 53 
NOGSE hey cele ticcrtes: 15,409 9,236 6,102 16 55 
NG69! ee ena cancers 15,387 8,756 6,560 16 55 
ICAO eaeccsanocsce 14,440 7,858 6,514 11 57 
NO Ril tceoeesieels 14,270 7,728 6,476 12 54 
OOM tices ote Sreree ties 14,827 8,015 6,743 13 56 
NICTACH cemeeneeeesecs os 15,079 7,770 7,227 23 59 
NOWAR(EStE)) ce cemeces 14,230 7,075 7,077 24 54 


‘ GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 


SOURCE: National Science Foundation, National Patterns of R&D Resources, 1953-75 (NSF 75-307). 


Table 2-8. Federal expenditures’ for research, development and R&D plant, 
as a percent of total Federal outlays, and as a percent of the 
relatively controllable portion of the Federal outlays, 1960-74 


Expenditures Expenditures 


Total as a percent of as a percent of 
Federal R&D Federal total Federal controllable 
Year expenditures? outlays? outlays outlays 
UCOl aaerposscaccood SS Tell $ 92.2 8.4 NA 
OG teictcs-cimreaersssiers 9.3 97.8 9.5 NA 
962) On. 2aeeae sanee 10.4 106.8 9.7 NA 
1963) <sacmae eens jeer 12.0 111.3 10.8 NA 
MOG4D yc erseccmisvervenss 14.7 118.6 12.4 NA 
NOG Sas cteae cites ore 14.9 118.4 12.6 NA 
i Mclel enaaeanatomeds 16.0 134.7 11.9 NA 
LC aneeeccooctases 16.9 158.3 10.7 16.4 
NOGBY As eco mincereres 17.0 178.8 9.5 14.7 
UC eo seamotscaaaoesen 16.4 184.5 8.9 14.6 
NOTOM ss isyesreraerstcetesers 15.7 196.6 8.0 USS7/ 
ASTAL Soisesracermcneel 16.0 211.4 7.6 14.0 
Ky Paees opeeerenets Ocmaae 16.7 231.9 U2 13.9 
nC AS tareeieeiorret cg ott 17.5 246.5 ed 15.1 
1OTAU(ESt) Bateees cen 18.6 274.7 6.8 14.8 


el 


’ Reported by Federal agencies. 
2 In billions of current dollars. 


NOTE: NA = not available. 


SOURCE: National Science Foundation, Federal Funds for Research, Development, and Other Scientific Activities, Vol 


XXIIl (NSF 74-320) and earlier volumes. 


Table 2-9. Federal obligations for R&D, by major function, 1969-74 
[Dollars in millions] 


1974 
1971 1972 1973 (est.) 


Current dollars 


$15,340 $15,564 $16,512 $16,821 $17,743 
7,976 8,106 8,898 8,998 9,180 
3,510 2,893 2,714 2,601 2,510 
3,855 4,564 4,900 5,222 6,055 


Constant 1967 dollars’ 


Function 1969 1970 
MOtal -ckoees. ose soseeceeees $15,641 
National defense ............ 8,354 
SPaCe? Bincie see coe 3,732 
TotaliciviliansaR&D secur 3,556 
Ae} 2 leo Roe a sees duddon sooddc $14,347 
National defense ............ 7,663 
S PaO ice fh istic cc eee 3,423 
Total civilian R&D ........... 3,262 


$13,338 $12,947 $13,288 $12,818 $12,260 
6,935 6,743 7,161 6,857 6,343 
3,052 2,407 2,184 1,982 1,734 
3,352 3,797 3,943 3,979 4,184 


1 GNP implicit price deflators used to convert current dollars to constant 1967 dollars 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, An Analysis of Federal R&D Funding by Function, 1969-75 (NSF 74-313). 
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Table 2-10. Federal obligations for R&D by function, 1969 and 1974 
[Dollars in millions] 


1974 
Function 1969 1970 1971 1972 1973 (est.) 
Current dollars 
National defense ............ $8,354 $7,976 $8,106 $8,898 $8998 $9,180 
Space: corse ee sea wee er ees 3,732 3,510 2,893 2,714 2,601 2,510 
Healthice es See as 1,111 dbase 1,319 1,564 1,592 2,085 
EnvirOnmentcncceemcc areee 321 359 475 547 678 738 
Transportation and 
COMMUNICATION: @2c. ss... 5 461 593 782 617 625 689 
Science and 
technology base .......... 518 529 531 606 610 648 
Natural resources ........... 412 462 553 625 618 633 
Energy development 
and conversion ........... 328 317 324 383 442 574 
Educationi:t ices. re 158 151 198 208 231 227 
Income security & 
SoClalisemices; 3.24.0... 5: 93 102 123 115 151 131 
Area & community 
development & housing ... 49 91 108 102 117 127 
Economic growth 
& productivity ............ 73 99 109 78 90 117 
Crime prevention 
CL COMO! Soogsscoosdsooco. 5 9 10 25 35 52 
International cooperation 
& development ............ 27 32 32 30 33 34 
Constant 1967 dollars’ 
National defense ............ $7,663 $6,935 $6,743 $7,161 $6,857 $6,343 
SPaCe) os sso scseemcies Gee ccs 3,423 3,052 2,407 2,184 1,982 1,734 
Healt) .cccaiossss ocwere metic 1,019 966 1,097 1,259 1,213 1,441 
Envirommentacccacesesscce. 294 312 395 440 Dii7, 510 
Transportation and 
communication ........... 423 516 651 497 476 476 
Science and 
technology base .......... 475 460 442 488 465 448 
Natural resources ........... 378 402 460 503 471 437 
Energy development 
and conversion ........... 301 276 270 308 337 397 
Eduicationt: Senccaseciciaece 145 131 165 167 176 157 
Income security & 
social services ............ 85 89 102 93 115 91 
Area & community 
development & housing ... 45 79 90 82 89 88 
Economic growth 
SeproduGtivity: 4. escnsseee: 67 86 91 63 69 81 
Crime prevention 
UCLo} MO): GoncocmuaaecogoeT 5 8 8 20 27 36 
International cooperation 
& development ............ 25 28 27 24 25 23 


‘ GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 


SOURCE: National Science Foundation, An Analysis of Federal R&D Funding by Function, 1969-75 (NSF 74-313) 
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Table 2-11. Federal obligations for civilian R&D, Table 2-13. NSF obligations for permanent 


by character of work, 1970 and 1974 laboratory equipment, 1966-74 
[Dollars in millions] [Dollars in millions] 
1974 Current Constant 1967 
Character 1970 (est.) Year dollars dollars' 
Current dollars Kc leshe Rasy ee nae as boc. $17.6 $18.2 
OTA SD esc rcv ccccass bss Sseke $3,845.6 $6,040.9 HOST “seecenescaauenses Te ae 
; UCekssceesescas noes 12.8 12.3 
BasiGneSeareh) arin. cei 1,200.1 1,636.8 
; HOBO). cece ees kates 12.3 11.3 
Applied research ............ 1,671.4 2,733.5 
Dovel 7 NOLO. esheee we Si Shee 9.9 8.6 
EVElOPMENE. aesc css oss nes 974.1 1,670.6 (O71 11.0 92 
UCAS uinice scenic 13.6 10.9 
Constant 1967 dollars’ ATA as PRO ee 14.7 11.2 
MOCAREDE Scie s scvoe css te Ae $3,343.8 $4,174.2 NOTA rr koe caiete su ens 15.2 10.5 
Basictresearchi sc. soseecs 1,043.5 1,131.0 S$ AAAAh]t]$jM9A9AW$$@ SSS 
Applied research ............ 1,453.3 1,888.8 ‘GNP implicit price deflators used to convert current dollars to constant 
Development ............... 847.0 1,154.4 1967 dollars. 


SOURCE: National Science Foundation, Databook, annual series. 
‘GNP implicit price deflators used to convert current dollars to constant 
1967 dollars. 


SOURCE: National Science Foundation, special tabulations. 


Table 2-14. Federal expenditures for R&D plant, 1960-74 
[Dollars in millions] 


Table 2-12. Proportion of NSF and NIH’ research 


project grant funds allocated for permanent Current Constant 1967 

laboratory equipment, fiscal years 1966-74 Year dollars dollars! 

[Percent] Ce ae ee $528.3 $596.9 

ICC oéeneeenninnecas § 548.5 609.4 

NGG 2S eee eke acca eiceee 779.1 857.1 

OE NSE NUH OSE hes ae 1,168.3 1,269.9 

IGS Aaahananecne Sepemes scr 11.2 ales Ce roe Geiae Seen cra nse 1,098.5 1,177.4 
IER eho acooe SEONG ae oie 8.6 11.8 

CG SS Gk Be ee onereern soeeee eo 9.5 UCI Aeon nomen ones 1,077.4 1,134.1 

WSGON ae ee ee a eas eos 7.0 7.5 TCheleitnd cas aa oman 1,047.8 1,081.3 

G70) Seo akeocoeeueeona sess 6.1 5.9 MOD Te aS aevesis sine oss 786.1 786.1 

IQA. sosépoconesaaucoMenaass 6.3 6.2 CGS) Beaooe secrets 715.9 691.7 

QE ccs hea SOS SoS eID OEE eee 5.6 6.6 MOG Oe eee cay roesys ogee 652.2 603.9 
STOR ei ericytoueieens cisions oars Sy5) 4.9 

OMA certo cis cssiasscie seins cake 5.4 5.7 USTAU ES antennas cee aoe g 578.9 508.3 

CIN Senaonseeance cas 612.7 511.4 

‘ Includes the National Cancer Institute, the National Institute of General IQA Séaauecemouadoo a8 564.4 454.4 

Medical Sciences, and the National Heart and Lung Institute. SICTASE Sy tan pene en cae 638.0 4946 

NOVA (CST) ica See sera 894.1 640.9 


SOURCE: National Science Foundation, Databook, annual series, and 
National Institutes of Health, unpublished data. 
’ GNP implicit price deflators used to convert current dollars to constant 
1967 dollars 


SOURCE: National Science Foundation, Federal Funds for Research, 


Development and Other Scientific Activities, Vol. XX\I| (NSF 74-320-A) and 
earlier volumes 
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Table 2-15. Federal obligations for R&D plant, by performer, 1962-74 


{Dollars in millions] 


Performer 1974 
1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 (est. 
Current dollars 
Total ete ce aoe ee 777.6 1,186.0 1,177.5 1,131.6 858.3 620.1 603.8 669.0 524.4 611.2 602.1 774.3 971.9 
Federal intramural ................ 6199 9744 9745 913.0 629.0 239.0 294.2 260.4 166.0 200.0 2466 3238 409.5 
NndUstr Vier So cee cae NA NA NA NA NA NA 81.7 141.7 102.3 167.4 142.4 221.8 339.1 
Universities & colleges ............ NA NA 97.5 141.6 1629 111.7 98.1 61.9 561 492 453 426 49.2 
FFRDC's (administered 
byzuniversities)) “cepmersec cee cre NA NA 36.0 50.2 31.1 138.8 101.7 1766 169.0 178.7 1304 162.3 134.1 
Nonprofit institutions ............. NA NA NA NA NA NA 209 258 288 58 30.0 188 362 
Constant 1967 dollars! 
Ota sche ee eps pa ee ence 864.4 1,301.3 1,272.0 1,200.3 885.8 620.1 580.5 613.6 456.0 508.4 4845 590.0 6716 
Federalsintramutal’..e sce cee 2s es. 689.1 1,069.1 1,052.7 968.4 649.1 239.0 2829 238.0 144.3 1664 1985 246.7 283.0 
Industryeerte ep perre earner NA NA NA NA NA NA 78.6 130.0 889 139.3 1146 169.0 234.3 
Universities & colleges .......... NA NA 105.3 150.2 1681 111.7 943 568 488 409 365 325 340 
FFRDC’s (administered 
by universities) seemacem cece NA NA 38.9 53.2 32.1 1388 97.8 162.0 146.9 148.7 1049 1237 92.7 
Nonprofit institutions ............. NA NA NA NA NA NAW 20515 23975-2510 74:8 2451 14:35 72510 
‘ GNP implicit price deflators used to convert current dollars to constant 1967 dollars 
NOTE: NA = not available 
SOURCE: National Science Foundation, Federal Funds for Research, Development and Other Scientific Activities, Vol. XX \I| (NSF 74-320-A) and earlier volumes. 
Table 2-16. Federal obligations for R&D plant as a percent of Federal obligations 
for total R&D, by performer, 1962-74 
Percent 
Performer 1974 
1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 (est.) 
MOtall eee £ ck Seer ices bare 8 9 8 8 6 4 4 4 3 4 4 5 5 
Federallintramuraly-cemee sen - eae e cee 30 43 34 30 20 7 8 7 4 5 6 7 8 
IndUsthyiae ee ea eee: aoe ae NA NA NA NA NA NA 1 2 1 2 2 S| 4 
Universities and 
collegesmss: 2 eevee wees 5 NA NA 9 12 12 8 7 4 4 3 2 2 2 
FFRDC's (administered 
byhuniversities)taree 45-8 cere: NA NA 6 8 5 21 14 24 23 25 17 22 17 
Nonprofit institutions .................. NA NA NA NA NA NA 3 4 4 1 4 2 4 


NOTE: NA = not available 


SOURCE: National Science Foundation, Federal Funds for Research, Development and Other Scientific Activities, Vol. XX\\| (NSF 74-320-A), and earlier volumes. 
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Table 2-17. Federal obligations for scientific and technical information 
activities compared with total Federal R&D obligations, 1960-74 


nn 


Obligations for scientific 
and technical information 
activities (in millions) 


Ratio of these obligations 
Current Constant 1967 to total Federal R&D 


Year dollars dollars’ obligations 
W180) Georsosoecbavasoskecass $ 76 $ 87 .010 
IG “neoosnsiouodosoocksagoor 92 103 .010 
WS2 shosodadoousacpamsedooe 129 143 013 
IGS sooessodavsooannccsscn9 165 181 013 
WY oonsoscassdodueavasades 203 219 014 
IES cpadsvasasoondeoonscned 225 239 015 
UES: sdcancscooocssdocsunccs 278 287 .018 
WL coococbvudonssocdanuHes 324 324 .020 
WES cosoccovadonaadwooososs 359 345 023 
UWE) cocosnacvcscpcsedocuaac 362 332 023 
IO “saseccoos vodoooacnsosec 387 336 025 
WRAL esoeceosonvosscucvesoss 398 331 026 
WW Seoceoconpccsoooboannes 419 337 025 
UG coocosnaononessoonceoss 438 334 026 
IAN ESS) soscbdcccccamsbonn 468 323 026 


a 


1 GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 


SOURCE: National Science Foundation, Federal Funds for Research, Development and Other Scientific Activities, 
Fiscal Years 1973, 1974 and 1975, Vol. XXIII (NSF 75-320-A) and earlier volumes 
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Table 2-18. Federal obligations for scientific and technical information activities, 
by agency, 1960-74 


[Dollars in millions] 


1974 
Agency 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 (est.) 
Oe eg es ee CUE OOIAISIA a 
Total eerie ss eee $76 $92 $129 $165 $203 $225 $278 $324 $359 $362 $387 $398 $419 $438 $468 
Dept. of Defense ......... 16 23 38 53 84 99° 119) 139) 155 147 45, 141 150) ele 158 
Dept. of Health, Education 
andiWelfares.a5 as: saree 10 12 24 27 24 24 37 53 60 65 66 73 68 67 82 
Dept. of Commerce ....... 23 27 28 31 33 37 42 46 47 52 60 69 78 85 93 
Library of Congress ....... 5 6 6 8 9 10 13 13 17 20 22 25 30 32 35 
National Aeronautics and 
Space Administration ... 1 3 7 14 20 19 23 24 27 28 27 27 27 25 24 
Dept. of the Interior ...... 4 4 5 7 8 9 10 12 14 13 13 14 14 16 21 
National Science 


Foundationiaessereeesnee 7 7 10 10 12 13 16 12 16 12 15 14 12 11 10 
Dept. of Agriculture ....... 4 4 4 4 5 6 6 14 8 9 10 10 11 13 13 
Other agencies ....... ie 6 6 7 11 8 8 12 11 15 16 29 25 29 28 32 


Constant 1967 dollars! 


hotalpe erence $87 $102 $144 $181 $221 $238 $286 $324 $344 $333 $335 $331 $338 $333 $324 
Dept. of Defense ......... 18 2642: 58 Sly 1059123) 139) 149) 135) 9 126) 1 1210) 123109 
Dept. of Health, Education 

‘andi Welfaremerr ceric 11 13 27 30 16 25 38 53 58 60 57 61 55 51 57 
Dept. of Commerce ....... 26 30 31 34 36 39 43 46 45 48 52 57 63 65 64 
Library of Congress ....... 6 7 7 9 10 11 13 13 16 18 19 21 24 24 24 


National Aeronautics and 

Space Administration : 1 3 8 15 22 20 24 24 26 26 23 22 22 19 17 
Dept. of the Interior ...... 5 4 6 8 9 10 10 12 13 12 11 12 11 12 15 
National Science 


Foundation ........... 8 8 11 11 13 14 17 12 15 11 13 12 10 8 7 
Dept. of Agriculture ....... 5 4 4 4 5 6 6 14 8 8 9 8 9 10 9 
Other agencies ......... Z/ 7 8 12 9 8 12 11 14 15 25 21 23 21 22 


‘ GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 
NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, Federal Funds for Research, Development and Other Scientific Activities, Fiscal Years 1973, 1974 and 1975. Vol. XXIII (NSF 74-320-A) and earlier 
volumes 
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Table 3-1. Basic research expenditures, 
1960-74 
[Dollars in millions] 


Constant 

Current 1967 
Year dollars dollars! 

ICI3)0) ani So ontccosneees $1,183 $1,347 
NOG cseistesrncaisecinaesc 1,378 1,549 
Ea ceo Gane noun aEeercec 1,695 1,884 
NIGS2 Re eeraswercreie farses 1,974 2,166 
NOGA, winsccswrctercrevels aictelsesns 2,301 2,486 
OGD). casero searchers arststers 2,572 2,728 
NSGG! Sees cvscremer ane 2,825 2,915 
NOG sv ctrnes seeteireisicreat 3,029 3,029 
WOGB) cayersetes arate. oelese eatese 3,286 3,159 
NOG sree tareeicnrstes ners 3,378 3,099 
DAO ie 5 oes orate cscte tay store see 3,548 3,085 
UCN Alo connucososoedees 3,544 2,948 
WGR2 Reve cornciersteitee 3,705 2,982 
NOB rcrcereisteie ciecsinle cis eye 3,800 2,896 
OLA (CSt2) Peer cone teereere 3,991 2,758 


‘ GNP implicit price deflators used to convert current dollars to constant 
1967 dollars 


SOURCE: National Science Foundation, National Patterns of R&D Re- 
sources, 1953-75 (NSF 75-307). 
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Table 3-2. Basic research expenditures, by performer, 1960-74 
[Dollars in millions] 


Universities Federal Nonprofit 
Year Total and colleges Government Industry FFRDC's' institutions 
Current dollars 
NOGO} eases cers oewciciere $1,183 $ 433 $160 $376 $ 97 $117 
ICG cares kanes cepa 1,378 536 206 395 115 126 
NOG 2 Ae sissisere cise cteiniciert 1,695 659 251 488 136 161 
NOGSe a ae sas tinne serine 1,974 814 299 522 159 180 
NOGAS Sons cc cisseeiene 2,301 1,003 364 549 191 194 
NOGDY eee ac ae eros 2,572 1,138 424 592 208 210 
HOGG oc eee 2,825 1,303 445 624 227 226 
VOGT oS adcraeninns semi 3,029 1,457 472 629 250 221 
NOGB ak ee see recat 3,286 1,649 502 642 276 217 
Uso he tae aon ns anes 3,378 1,707 565 618 275 213 
WOTOM ee snan ees oes 3,548 1,796 646 629 269 208 
VOT: scarce sees cee evs 3,544 1,914 535 610 260 225 
NOR ad air topt trates 3,705 2,024 607 579 250 245 
IKYGY npaomandsaaeosnac 3,800 2,058 585 605 297 255 
HOTA (EST) casters 3,991 2,151 635 640 291 274 
Constant 1967 dollars? 
WSGO) viicicccitye seis oecsiene $1,347 $ 492 $182 $428 $110 $133 
UC i eecrcn cite areem cco 1,549 602 232 444 129 142 
NOG Qe everett races 1,884 733 279 542 151 179 
WOGS scares cron asoerereste 2,165 893 328 573 174 197 
NOGA eee cacuectice cenit 2,486 1,084 393 593 206 210 
MOBS ey Pes tine as ces cscs 2,729 1,207 450 628 221 223 
N96 Gi sis sieve eos oeraeiars 2,915 1,345 459 644 234 233 
MSG Ti akivcesreccrsrstatsrectsiine 3,029 1,457 472 629 250 221 
NOGB eer crmmnee cece 3,159 1,586 483 617 265 209 
Clot Deanemaa ce saedor cae 3,098 1,566 518 567 252 195 
NO TO eet Wale chvacinss 3,086 1,562 562 547 234 181 
AGT eas eee ses ecia es 2,947 1,592 445 507 216 187 
LIC xedaamonn ces aro 2,981 1,629 488 466 201 197 
VORSe ANS secre waar se 2,895 1,568 446 461 226 194 
WOTA(ESt)) cris oeeee mene 2,757 1,486 439 442 201 189 


' Federally Funded Research and Development Centers administered by universities 
? GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, National Patterns of R&D Resources, 1953-75 (NSF 75-307) 
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Table 3-3. Basic research expenditure, by source 1960-74 
[Dollars in millions] 


Federal Universities Nonprofit 
Year Total Government Industry andcolleges' institutions 
Current dollars 
USIS0) lobpandon $1,183 $ 693 $331 $ 72 $ 87 
1961) csec sens 1,378 841 350 85 102 
US Goerao cue 1,695 1,091 382 102 120 
NOES eens 1,974 1,310 414 121 129 
NOG 4 eaxcters cies 2,301 1,595 424 144 138 
UES: Googe 2,572 1,817 448 164 143 
IBS: sosoopte 2,825 1,986 496 196 147 
NOGTs Reystctaiste 3,029 2,173 477 223 156 
1968) fists nace 3,286 2,327 518 276 165 
NOG eee rccrcrsers 3,378 2,386 519 298 175 
NOZOs iar 3,548 2,469 536 350 193 
ICY AW eemeecs 3,544 2,379 556 400 209 
WT wsonocsc 3,705 2,528 528 428 221 
LLY seaqacsr 3,800 2,605 561 416 218 
1974(est.) .... 3,991 2,724 594 434 239 
Constant 1967 dollars? 
1OGOl Asercrae $1,347 $ 789 $377 $ 82 $ 99 
nie cu leeeerrcrocs 1,549 945 393 96 115 
19620 shaieecs 1,884 1,213 425 113 133 
WSS badecoss 2,166 1,437 454 133 142 
NOG4. eres ce 2,486 1,723 458 156 149 
W965. ee shee 2,728 1,927 475 174 152 
NSGO! Geen 2,915 2,050 512 202 152 
VOGT sectce 3,029 2,173 477 223 156 
NOCSP race 3,159 2,237 498 265 159 
1969 Sea eaes 3,098 2,189 476 273 161 
WO or onadsc 3,086 2,147 466 304 168 
UCYAl aaoeacse 2,947 1,979 463 333 174 
U2 aassoccc 2,981 2,034 425 344 178 
NOUS Serre 2,895 1,985 427 317 166 
1974(est.) .... 2,757 1,882 410 300 182 


nn  —— 


! Includes State and local government sources. 
2 GNP implicit price deflators used to convert current dollars to constant 1967 dollars 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, National Patterns of R&D Resources, 1953-75 (NSF 75-307) 
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Table 3-4. Federal obligations for basic research as a percent of 
each agency’s R&D obligations, by agency, 1960-74 


All All other 
Year agencies USDA DOD HEW AEC NASA! NSF agencies 
Basic research as a percent of all R&D obligations 

NOGOD joceecvererti core 8 27 3 32 14 26 91 19 
NOGW Set teeter 9 29 3 32 20 24 92 19 
W962) fice Sveras 11 32 3 33 19 22 91 20 
NO6S3iekaree mer 11 33 3 36 20 16 92 20 
1964 Ase eee 11 36 3 35 19 12 91 22 
NOG Sie pacts eee teins te 40 4 35 21 11 91 22 
1966) -Atee See 12 40 4 32 23 11 91 18 
WOGTE vw sesicccrcayes 12 40 4 32 24 12 91 15 
NOGB i racressr ce 13 39 3 32 21 15 89 17 
CIEE) aeacsoooson 13 41 4 29 20 ane 91 15 
ITO Ss Sarrocerrcncs 13 4 3 32 21 We 85 12 
LTA S@amecneaaen 14 39 3 27 21 21 81 9 
U2 s peeoneemers 15 39 3 26 21 24 81 12 
WORGIs were isoaeer 14 39 3 25 20 25 82 10 
NOMA (St?) acer 15 39 3 25 20 24 79 10 


Federal obligations for basic research 
(Current dollars in millions) 


USO) Goaccocsons $ 610 $ 34 $168 $103 $104 $ 97 $ 68 $ 35 
WH cosnmacae sc 825 41 173 137 167 190 77 39 
Us eecbsdaeooe 1,106 50 204 190 192 316 104 50 
ISS seanoaecnes 1,389 56 231 236 219 447 141 59 
NOGA Merce eters 1,567 68 241 274 238 524 155 66 
UES oscaeccosoo 1,690 90 263 303 258 528 171 77 
ILS sgascotebode 1,840 94 262 326 281 559 223 95 
URE Ame ccoodeccco 2,004 100 284 372 302 603 239 104 
USS Goeoacoe0be 2,056 100 263 397 282 656 252 106 
INGE) eedoeioogace 2,077 107 276 371 285 678 248 112 
IAD): aaeasesanco 2,042 116 247 388 287 637 245 122 
ICXAll Speonmocasse 2,132 118 262 397 277 680 273 125 
UA asaacaesand 2,411 137 270 461 268 768 368 139 
USACE eciedo cones 2,420 143 258 458 275 769 392 125 
ISAMESE) Sadonac 2,569 150 253 588 286 734 421 138 


Federal obligations for all R&D 
(Current dollars in millions) 


W310) ssescogconas $ 7,552 $126 $5,712 $ 320 $ 762 $ 369 $ 75 $ 189 
WS cétnecoanas 9,059 143 6,574 429 850 777 84 202 
NOG 2iestesrrtcets ne 10,290 157 6,723 577 1,029 1,439 114 251 
ISGS) Docéedadoar 12,495 168 7,286 656 1,078 2,857 154 295 
VOGT eye os sic cise 14,225 189 7,262 777 1,236 4,287 170 305 
INES) censondodoo 14,614 225 6,797 869 1,241 4,952 187 344 
ULES so05sca0ane 15,320 235 7,024 1,014 1,212 5,050 244 541 
WOGUe ered terete 16,529 253 8,049 1,147 1,259 4,867 262 694 
NOGB Were caetate 15,921 254 7,709 1,252 1,369 4,429 284 625 
USE) pepenoenead 15,641 260 7,696 1,297 1,406 3,963 274 744 
UE Gosaans cade 15,340 281 7,360 1,221 1,346 3,800 289 1,043 
LSA eneccuoreedc 15,564 305 7,509 1,476 1,303 3,258 337 1,377 
UA» Gasseraccac 16,512 350 8,318 1,751 1,298 3,157 455 1,183 
IRIS) obakaedeous 16,821 367 8,404 1,838 1,363 3,061 480 1,309 
TAXES) Baaoacc 17,743 386 8,599 2,347 1,431 3,026 530 1,425 


‘ The large amounts reported by NASA for basic research are due to the substantial cost of support equipment such as spacecraft and launch vehicles 
peculiar to space exploration, and the statistical proration of costs for tracking and data acquisition. 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, Federal Funds for Research, Development, and Other Scientific Activities, Fiscal Years 1973, 1974 and 1975. 
Volume XXIII (NSF 74-320-A) and earlier volumes. 
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Field of science 


Life sciences 


Environmental 
sciences 


Mathematics 


Table 3-6a. Fields and subfields of Federal obligations for basic research 


Illustrative subfields 


Biological sciences: those which, apart from clinical medical and other medical sciences defined 
below, deal with the origin, development, structure, function, and interaction of living things. 


Clinical medical sciences: those concerned with the study of pathogenesis, diagnosis, or therapy 
of a particular disease or abnormal condition in living human subjects under controlled 
conditions. 


Other medical sciences: those concerned with the study of the causes, effects, prevention, or 
control of abnormal conditions in man or in his environmentas they relate to health, except for the 
clinical aspects defined above. 


Other life sciences: multidisciplinary projects within the broad field and single discipline projects 
for which a separate field has not been assigned. 


Atmospheric sciences: aeronomy, solar, weather modification, extraterrestrial atmospheres, and 
meteorology. 


Geological sciences: engineering geophysics, general geology, geodesy and gravity, 
geomagnetism, hydrology, inorganic geochemistry, isotopic geochemistry, organic 
geochemistry, laboratory geophysics, paleomagnetism, paleontology, physical geography and 
cartography, seismology and soil sciences. 


Oceanography: chemical oceanography, geological oceanography, physical oceanography, and 
marine geophysics. 


Other environmental sciences: multidisciplinary projects within the broad field and single 
discipline projects for which a separate field has not been assigned. 


Algebra, analysis, applied mathematics, computer science, foundations and logic, geometry, 
numerical analysis, statistics, and topology. 


Engineering 


Aeronautical: aerodynamics. 


Astronautical: aerospace, and space technology. 


Chemical: petroleum, petroleum refining, and process. 


Civil: architectural, hydraulic, hydrologic, marine, sanitary and environmental, structural, and 
transportation. 


Electrical: communication, electronic, and power. 


Mechanical: engineering mechanics. 


Metallurgy and materials: ceramic, mining, textile, and welding. 


Other engineering: multidisciplinary projects within the broad field and single discipline projects 
for which a separate field has not been assigned, such as agricultural, industrialand management, 
nuclear, ocean engineering, and systems. 


(Continued) 
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Social sciences 


Table 3-6a. (Continued) 


Anthropology: archaeology, cultural and personality, social and ethnology, and applied 
anthropology. 


Economics: econometrics and economic statistics, history of economic thought, international 
economics, industrial, labor and agricultural economics, macroeconomics, microeconomics, 
public finance and fiscal policy, theory, and economic systems and development. 


History: cultural, political, social, and history and philosophy of science. 


Linguistics: anthropological-archaeological, computational, psycholinguistics, and 
sociolinguistics. 


Political science: area or regional studies, comparative government, history of political ideas, 
international relations and law, national political and legal systems, political theory, and public 
administration. 


Sociology: comparative and historical, complex organizations, culture and social structure, 
demography, group interactions, social problems and social welfare, and sociological theory. 


Other social sciences: multidisciplinary projects within the broad field and single discipline 
projects for which a separate field has not been assigned, such as research in law and education 
not elsewhere classified, and socioeconomic geography. 


Psychology 


Biological aspects: experimental psychology, animal behavior, clinical psychology, comparative 
psychology, and ethology. 


Social aspects: social psychology, educational, personnel, vocational psychology and testing, 
industrial and engineering psychology, and development and personality. 


Other psychological sciences: multidisciplinary projects within the broad field and single 
discipline projects for which a separate field has not been assigned. 


Physical sciences 


Astronomy: laboratory astrophysics, optical astronomy, radio astronomy, theoretical 
astrophysics, X-ray, Gamma-ray, and neutrino astronomy. 


Chemistry: inorganic, organo-metallic, organic, and physical. 


Physics: acoustics, atomic and molecular, condensed matter, elementary particles, nuclear 
structure, optics, and plasma.. 


Other physical sciences: multidisciplinary projects within the broad field and single discipline 
projects for which a separate field has not been assigned. 


Other sciences 


Multidisciplinary and interdisciplinary projects that cannot be classified within one of the above 
broad fields of science. 


SOURCE: National Science Foundation, Federal Funds for Research, Development, and Other Scientific Activities, Fiscal Years 1973, 1974, and 1975. Vol. 


XXII] (NSF 74-320) 
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Table 3-7. Basic research expenditures in 
universities and colleges, by source, 1960-74 
[Dollars in millions] 


Federal All 
Govern- other 
Year Total ment Industry sources 
Current dollars 
SCOR seein: $ 433 $ 299 $24 $110 
ICLP San omic 536 382 25 129 
CPA eemauescson 659 481 25 153 
(9635 fees 814 610 25 179 
W964 cc hee euns 1,003 767 25 211 
96S ee ase 1,138 879 26 233 
1966) eke ass. 1,303 1,009 27 267 
VOGT ces ees aies 1,457 1,124 31 302 
M968 eer cees 1,649 1,251 36 362 
W969 eee ee eas 1,707 1,275 39 393 
IG (Oe Se eae 1,796 1,296 40 460 
AQT see are since 1,914 1,349 46 519 
AQT 2. ease ets 2,024 1,419 51 554 
AQIS oe Be rere 2,058 1,461 58 539 
1974(est.) ....... 2,151 1,514 64 573 
Constant 1967 dollars' 

NOGO® se keceee ees $ 492 $ 340 $27 $125 
NOGIe eerste 602 429 28 145 
N9G2 reese sce 733 535 28 170 
MNOGS) ek Sees Gis 893 669 27 197 
NOGA esac scsi 1,084 829 27 228 
I Giskeereinerin os 1,207 932 28 247 
lel iemeecsmmone 1,345 1,041 28 275 
NOG: Sees 1,457 1,124 31 302 
19GB eee icae 1,586 1,203 35 348 
W969 oe cs hace 1,566 1,170 36 360 
1970) cee arcs: 1,562 1,127 35 400 
LUCY ees coaedoane 1,592 1,122 38 432 
AQT 2 eee os 1,629 1,142 4 445 
TIC TAC SEGSS coprena cis 1,568 1,113 44 411 
1974(est.) ....... 1,486 1,046 44 396 


1 GNP implicit price deflators used to convert current dollars to constant 
1967 dollars 


NOTE: Detail may not add to totals because of rounding 


SOURCE: National Science Foundation, National Patterns of R&D Re- 
sources, 1953-75 (NSF 75-307). 
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Table 3-8. Estimated basic research expenditures in universities 
and colleges, by field of science, 1964-74 
[Dollars in millions] 


Field of science! 1964 1966 1968 1970 1972 1973 1974? 
Current dollars 

MOtal), ctv eee sterarces $1,003 $1,303 $1,649 $1,796 $2,024 $2,058 $2,151 
Engineering yeerrceitscettereletct- 128 185 223 230 265 273 252 
Physical sciences ........... 176 228 253 242 282 268 279 

AStronOmypmercriciierciciete cis =) 13 18 19 15 18 18 19 
Chemisthymeecceeimser cietevei cer 56 69 82 80 94 91 96 
PHYSICS ateceterets iotccevsvaberei~ic cre 98 128 137 127 142 141 147 
Other physical sciences ... 9 13 15 20 28 18 18 
Environmental sciences ..... 43 52 94 97 133 134 152 
Mathematical sciences ...... 23 28 40 51 54 53 57 
iferSCIEMCES) fee (cie.c--vereeer nic 534 670 804 928 969 1,010 1,092 
Biological...) -mesnesceeer 238 315 370 414 414 462 482 
Clinical medical ........... 259 308 380 436 501 500 561 
Other life sciences ........ 36 48 54 78 56 48 47 
Bsychologyasercumecrn nce ei- 26 31 47 47 68 67 70 
SocialisciemCeSwarccrcier sore 61 80 128 130 162 170 182 
Othegsciencesteanccrcccresas 11 29 61 71 89 82 68 
Constant 1967 dollars? 

MOtAll pace censors rere: $1,084 $1,345 $1,585 $1,562 $1,629 $1,568 $1,486 
Engineering) seme. selene 138 191 214 200 213 208 174 
Physical sciences ........... 190 235 243 210 227 204 193 

INSTOMOLMMY, ooctasuncvcedao 14 19 18 13 14 14 13 
GNemiStnyiearsersterssaiie) loko 60 71 79 70 76 69 66 
PIYSICS) <2). (ece!eietclers. seus ecrere 106 132 132 110 114 107 102 
Other physical sciences ... 10 13 14 17 23 14 12 
Environmental sciences ..... 46 54 90 84 107 102 105 
Mathematical sciences ...... 25 29 38 44 43 40 39 
LIFESCIENCES! Soncedisis sicrs wiscecsvs 577 691 773 807 780 770 755 
Biological erracrcrrscterreniei- ie 257 325 356 360 333 352 333 
Clinicalimedicaliz.-te< 1). 280 318 365 379 403 381 388 
Other life sciences ........ 39 50 52 68 45 37 32 
BsychologVvaaseanecinicsetecr 28 32 45 41 55 51 48 
SOCIAIIISCIEMNCES: «sc celeste «= 66 83 123 113 130 130 126 
Other sciences .............. 12 30 59 62 72 62 47 


' See Table 3-8a for descriptions of these fields. 

2 Preliminary data 

3 GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 
NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, special tabulations. 


Table 3-8a. Fields and subfields of R&D expenditures 
at colleges and universities 


Field of science Illustrative subfields 


Engineering Aeronautical, agricultural, chemical, civil, electrical, industrial, mechanical, metallurgical, mining, 
nuclear, petroleum, bio-and-biomedical, energy, textile, architecture 


Physical sciences Astronomy: astrophysics, optical and radio, X-ray, Gamma-ray, neutrino 


Chemistry: inorganic, organo-metallic, organic, physical, analytical, pharmaceutical, polymer 
science (excludes biochemistry) 
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Table 3-8a. (Continued) 


Physics: acoustics, atomic and molecular, condensed matter, elementary particles, nuclear 
structure, optics, plasma 


Other physical sciences: multidisciplinary projects within physical sciences, and physical 
sciences disciplines not described above. 


Environmental sciences 


Atmospheric sciences: aeronomy, solar weather modification, meteorology, extra-terrestrial 
atmospheres 


Geological sciences: engineering geophysics, geology, geodesy, geomagnetism, hydrology, 
geochemistry, paleomagnetism, paleontology, physical geography, cartography, seismology, soil 
sciences 


Oceanography: chemical, geological, physical, marine geophysics, marine biology, biological 
oceanography 


Mathematical sciences 


Mathematics: algebra, analysis, applied mathematics, foundations and logic, geometry, numerical 
analysis, statistics, topology 


Computer sciences: design, development, and application of computer capabilities to data 
storage and manipulation, information science 


Life sciences 


Biological sciences: anatomy, biochemistry, biophysics, biogeography, ecology, embryology, 
entomology, genetics, immunology, microbiology, nutrition, parasitology, pathology, phar- 
macology, physical anthropology, physiology, botany, zoology 


Agricultural:' agricultural chemistry, agronomy, animal science, conservation, dairy science, 
plant science, range science, wildlife 


Clinical medical: anesthesiology, cardiology, endocrinology, gastroenterology, hematology, 
neurology, obstetrics, ophthamology, preventive medicine and community health, psychiatry, 
radiology, surgery, veterinary medicine, dentistry, pharmacy 


Other life sciences: multidisciplinary projects within life sciences 


Psychology 


Animal behavior, clinical, educational, experimental, human development and personality, social 


Social sciences 


Economics: econometrics, international, industrial, labor, agricultural, public finance and fiscal 
policy 


Political science: regional studies, comparative government, international relations, legal 
systems, political theory, public administration 


Sociology: comparative and historical, complex organizations, culture and social structure, 
demography, group interactions, social problems and welfare, theory 


Other social sciences: history, cultural anthropology, linguistics, socio-economic geography, 
research in education 


Other sciences 


Multidisciplinary and interdisciplinary research not classifiable under a single primary field. 


um 


‘ Included with biology prior to 1974. 


SOURCE: National Science Foundation, Expenditures for Scientific and Engineering Activities at Universities and Colleges, Fiscal Year 1973 (NSF 75-316). 


Field of science’ 


Table 3-9. Estimated Federal basic research expenditures 
in universities and colleges, by field of science, 1964-74 
[Dollars in millions] 


ENGineeninG) <.rccccc cco 
Physical sciences .......... 
INSTLOMNOMY = serersitstete te 
Chemistry: sac oda aa 
BhySiGS!Ss-cmacio soe 
Other physical sciences ... 
Environmental sciences ... 
Mathematical sciences .... 
EIFEXSCIOMCES te rarer stories sere 
Biological) sxcmac castes 
Clinical medical ......... 
Other life sciences ....... 
Psychologyrem-sccsiccmcc os < 
Social sciences ............ 
Other sciences ............ 


Engineering) <ccce.. ss <== 
Physical sciences ......... 
ASITONOMY een nincciscine 
Ghemistnyacrnccicerc asc 
BRYSICS 3 iene rreres\ciscercsiseis 
Other physical sciences ... 
Environmental sciences ... 
Mathematical sciences ..... 
Lifesciences). sonics acec sis 
Biological) sees... .ijcmtes ss 
Clinical Medical ......... 


Psy chologyaerncceruecce sas 
Social sciences ........... 
Othen:scienceSies-c esse... o 


1964 1966 1968 1970 1972 1973 1974? 
Current dollars 
$767 $1,009 $1,251 $1,296 $1,419 $1,461 $1,514 
105 151 181 185 196 203 175 
164 209 223 226 232 222 229 
13 17 18 14 14 13 14 
50 60 70 69 73 70 75 
95 122 122 126 125 124 128 
6 10 13 17 21 14 13 
39 47 71 76 99 102 112 
21 26 34 42 4 40 43 
371 472 584 605 652 692 752 
126 160 204 215 249 285 283 
218 279 345 352 372 377 433 
27 33 35 38 31 30 36 
24 30 39 41 54 53 56 
37 53 82 82 91 99 105 
5 21 37 41 54 49 42 
Constant 1967 dollars? 

$829 $1,041 $1,203 $1,127 $1,142 $1,113 $1,046 
dali: 156 174 161 158 155 121 
177 216 214 197 187 169 158 
14 18 Uz 12 an 10 10 
54 62 67 60 59 53 52 
103 126 117 110 101 94 88 
6 10 12 15 17 11 9 
42 49 68 66 80 78 77 
23 27 33 37 33 30 30 
401 487 561 526 525 527 520 
136 165 196 187 200 217 196 
235 288 332 306 299 287 299 
29 34 34 33 25 23 25 
26 31 37 36 43 40 39 
40 55 79 71 73 75 73 
5 22 36 36 43 37 29 


' See table 3-8a for descriptions of these fields 


2 Preliminary data 


° GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, special tabulations. 
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Table 3-10. Federal obligations for basic research in universities 
and colleges, by selected supporting agencies and by 


selected fields, 1973-74 


[Dollars in millions} 


Field of science’ 


All fields 
Astronomy 
Life sciences 
Psychology 
Chemistry 
Physics 
Environmental 
sciences 
Mathematical and 
computer sciences 
Engineering 


Social sciences 


Other sciences? 


All fields 
Astronomy 
Life sciences 
Psychology 
Chemistry 
Physics 
Environmental 
sciences 
Mathematical and 
computer sciences 
Engineering 


Social sciences 


Other sciences? 


1973 


1973 


1974(est.) .. 
1973 
1974(est.) .. 
1973 
1974(est.) .. 
1973 
1974(est.) .. 
1973 


1974(est.) .. 
1973 
1974(est.) .. 
1973 
1974(est.) .. 
1973 
1974(est.) .. 


1973 
1974(est.) .. 
1973 
1974(est.) .. 
1973 


1973 


1974(est.) .. 
1973 


1974(est.) .. 
1973 
1974(est.) .. 
1973 
1974(est.) .. 


Six- 
agency 
total 


1,035.0 


‘ See Appendix table 3-6a for descriptions of these fields. 
2 Including inter- and multi-disciplinary sciences. 
* GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 


* Less than $50,000. 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, special tabulations. 


Department Atomic 
Depart- Depart- of Health, Energy National 
ment of ment of | Education, Com- Science 
Agriculture Defense and Welfare mission NASA Foundation 
Current dollars 

$37.2 $105.0 $317.9 $59.9 $56.3 $327.2 
36.1 110.1 412.9 60.6 61.3 354.0 
_ 1.6 _ — 17.1 7.8 

— 1.7 _— = 20.5 8.4 
26.2 8.3 263.5 Wile 3.5 57.2 
25.2 8.9 349.6 11.2 3.3 56.4 
= 5.3 14.3 _ 0.3 9.4 

— 4.9 18.5 _ 0.5 10.0 
1.9 4.4 18.0 8.3 3.4 30.1 
ist 4.5 23.4 7.8 2.9 31.3 
—_— Us) _— 34.7 9.4 Giler/ 

_— 13.9 1 36.1 iad 53.4 

4 28.9 — — 12.9 51.2 

a5 30.1 — — 13.3 60.0 

— 16.2 da 2.4 0.1 21.2 

— 16.8 1.4 2.0 0.2 21.6 
Tee 26.4 3.3 3.5 6.0 41.1 
teat 29.0 4.3 3.5 6.9 43.8 
1) “il 16.2 _— (4) 21.9 
7.5 _ 13.7 = 0.1 22.8 
_ 0.5 1.5 — 3.6 35.6 
_— 0.3 1.8 —_— 2.5 46.4 

Constant 1967 dollars? 

$28.3 $80.0 $242.2 $45.6 $42.9 $249.3 
24.9 76.1 285.3 41.9 42.4 244.6 
_— 1.2 — — 13.0 5.9 

_ 1.2 — — 14.2 5.8 
20.0 6.3 200.8 8.5 Preif 43.6 
17.4 6.1 241.6 Let 23 39.0 
—_— 4.0 10.9 =~ 0.2 7.2 

_— 3.4 12.8 = 0.3 6.9 
1.4 3.4 13.7 6.3 2.6 22.9 
1.2 3.1 16.2 5.4 2.0 21.6 
= 10.1 — 26.4 7.2 39.4 

= 9.6 0.1 24.9 all 36.9 
0.3 22.0 _— _— 9.8 39.0 
0.3 20.8 — _ 9.2 41.5 
— 12.3 0.8 1.8 0.1 16.2 

_ 11.6 1.0 1.4 0.1 14.9 
0.9 20.1 2.5 Pil 4.6 31.3 
0.8 20.8 3.0 2.4 48 30.3 
5.7 0.1 12.3 — (*) 16.7 
5.2 — 9.5 — 0.1 15.8 
_— 0.4 atest — 2.7 27.1 

_ 0.2 1.2 — 1.7 32.1 
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Table 3-11. Concentration of R&D expenditures at the 100 universities and 
colleges with the greatest expenditures in selected fields, 1974 
[Dollars in millions] 


Environmental 


Life sciences Physical sciences Social sciences Engineering sciences 

Cumu- Cumu- Cumu- Cumu- Cumu- 

Rank of Current lative Current lative Current lative Current lative Current lative 

institutions dollars percent’ dollars percent! dollars percent’! dollars percent’ dollars percent! 
iA 0) Soccccoadatods $ 354 22 $104 31 $ 75 30 $113 33 $108 47 
First) 208.5: semnemas sie 605 37 160 47 116 47 164 47 146 63 
MUS SW) Soenoosbaucoar 790 49 197 58 142 58 203 59 169 73 
Flrst-t40) oe ese cesses 931 58 226 67 161 66 234 68 183 79 
Rirst 350.28 cece: 1,049 65 250 74 176 72 259 75 194 84 
FinStiiGO! cence ccs. 1,153 71 266 78 187 76 278 80 203 88 
Finstes Ones seeraics over. 1,242 77 279 82 196 80 293 85 209 91 
RinstwS Om eisyae..n cc ost 1,316 81 289 85 204 83 304 88 214 93 
UG! Cle seseeasonpacc 1,378 85 297 88 210 86 314 91 217 94 
ALG WC) sogococaooqdce 1,431 89 304 90 215 88 322 93 220 95 


‘ Based on total R&D expenditures in individual fields. 


SOURCE: National Science Foundation, special tabulations 


Table 3-12. Basic research expenditures per scientist and 
engineer’ in doctorate-granting institutions, by source, 1966-74 


1974 
1966 1968 1970 1972 1973 (Prelim.) 


Basic research expenditures per scientist and engineer 
(in constant 1967 dollars?) 


IN SOURCES, cagooscoccanser $11,500 $11,700 $10,300 $10,100 $9,500 $8,400 
Rederalice ceccrtemttsctsc: 8,900 8,900 7,500 7,100 6,900 6,300 
Non-Gederall: <i.) scemicce 2,600 2,800 2,900 3,000 2,700 2,100 


Basic research expenditures 
(in millions of constant 1967 dollars) 


IAIRSOUNCES#aeeecinasine sos $1,319 $1,555 $1,538 $1,598 $1,519 $1,372 
Federals saceencrcntincn i eo 1,021 1,178 1,110 1,123 1,096 1,034 
Non-=Federali cniceciccieccccm 298 377 427 475 424 338 


Basic research expenditures 
(in millions of current dollars) 


All’ SOUNGES). saci $1,278 $1,617 $1,769 $1,986 $1,994 $1,986 
Federale eececoroecnes 989 1,225 1,277 1,396 1,438 1,497 
Non=Federall scceecrnis tices 279 392 492 591 556 489 
Scientists and 

ENGINES es ce cnc: 114,500° 132,800? 148,700° 158,500° 159,641 163,526 


‘ Includes all scientists and engineers (full-time equivalent basis) employed in universities granting doctorate degrees in 
at least one field of science or engineering as of January. 

? GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 

* Estimated 

NOTE: Detail may not add to totals because of rounding 


SOURCE: National Science Foundation, special tabulations 
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Table 3-13. Estimated basic research expenditures in doctorate-granting 
institutions per scientist and engineer’ by selected fields, 1966-74 


Field of science 1966 


Estimated constant 1967 dollars per scientist and engineer 


1968 


1970 


1972 


1973 


1974 
(Prelim.) 


Bhysicsisf as. Sasaencemecimee cee $24,500 
Biological sciences ......... 10,900 
=inefint=citiitel: aaaedaceoos auocs 12,100 
Ghemisthy: Ricca aceracretroers 12,100 
Clinical medicine ........... 10,500 
RsychologViemeasertereaeeric 7,400 
SOGCialiSCIENCESIeay. ies eer cia 4,800 
Mathematical sciences ...... 4,800 


$20,600 $16,600 $16,600 $15,300 $14,900 


BYSICS:. orice scmcreeeseoeroerne $132 
Biological sciences ......... 323 
Engineering s.cse sacs eecce 184 
Chemisty’ a ssisca ce caareeee 69 
Clinical medicine ........... 316 
Psy chologVarer-rrterecstserertereerser 28 
SOCialiSClenCeS) .. cae eee 75 
Mathematical sciences ...... 29 
PHYSICS ss creche eer: $128 
Biological sciences ......... 313 
nepmectiime), casctonsooaessoc 178 
Ghemistryerrsace-cto cect ty 67 
Clinical medicine ........... 306 
Psychology sas ms -meeene cee 27 
SOGialiscienceSm eres cere 73 
Mathematical sciences ...... 28 


10,600 10,100 9,600 10,400 9,700 

12,600 11,300 11,800 11,400 9,600 

11,600 9,700 10,300 9,000 8,200 

9.800 8,700 8,400 7,800 8,000 

8,200 6,600 7,900 6,800 6,100 

6,000 4,900 5,000 4,800 4,600 

4,900 4,800 4,500 4,100 3,800 

Estimated constant 1967 dollars? (in millions) 

$128 $108 $114 $104 $100 

346 353 328 347 325 

209 195 212 206 172 

74 66 73 66 64 

364 377 396 375 386 

41 39 52 48 46 

118 109 123 120 wl 

37 43 43 40 39 

Estimated current dollars (in millions) 

$133 $124 $138 $137 $144 

360 406 407 455 470 

217 224 264 270 249 

77 76 91 87 92 

379 434 492 492 559 

43 45 65 63 66 

123 125 153 157 169 

39 50 53 52 56 
Estimated scientists and engineers (as of January) 

Physics'tis-awnrcceaoscnecice 5,400 6,200 6,500 6,700 6,800 6,700 

Biological sciences ......... 29,500 32,700 34,800 34,000 33,400 33,600 

Engineening® maccccncciscixccnr 15,200 16,600 17,200 17,900 18,000 18,000 

Chemistiy “eerueicessee cece 5,700 6,400 6,800 7,100 7,300 7,800 

Clinical medicine ........... 30,200 37,000 43,200 47,400 48,300 48,100 

Psychologvaera-teeeeereereie 3,800 5,000 5,900 6,600 7,100 7,600 

Socialisciences@aecerecrc nce 15,700 19,700 22,100 24300 24,900 25,400 

Mathematical sciences ...... 6,100 7,600 8,900 9,600 9,700 10,400 


' Includes all scientists and engineers (full-time equivalent basis) employed in universities granting doctorates in 


science or engineering. Estimates used for January 1966, 1968, 1970 and 1972 
? GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 


SOURCE: National Science Foundation, special tabulations. 
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Table 3-14. Basic research expenditures at Federally Funded 
Research and Development Centers administered 
by universities, by source, 1964-74 
[Dollars in millions] 


All sources Federal sources Non-Federal 
Basic Basic Basic 
Year AllR&D research All R&D research All R&D research 
Current dollars 
NOGA een Secs $629.2 $191.0 $629.2 $191.0 (‘) (‘) 
MOGG: sescrervecese weteseve 629.5 226.5 629.4 226.5 $0.1 (‘) 
WOGB! ee eee nce 718.9 275.6 715.3 273.4 3.6 $2.2 
UIRYAD ea amc gronemetins 736.8 268.7 734.1 267.1 2.7 1.6 
WOR ee sispsa ses otters 763.6 250.2 758.3 248.0 5:3 2.2 
CYS essi@opeatacece 816.9 297.0 812.9 295.0 4.0 2.0 
WEAN Scrreercltasictaieeie 865.0 290.9 861.2 288.9 3.8 2.0 
Constant 1967 dollars? 

NOG 4 eee cee eaves $679.7 $206.3 $679.7 $206.3 (1) (‘) 
NOGG eat shiccere 649.6 233.7 649.5 233.7 $0.1 (‘) 
WOGBi ie eccrine recs 691.2 265.0 687.7 262.9 3.5 $2.1 
NOT OM Sieveiscscsvacesiortns 640.6 233.6 638.3 232.2 2.3 1.4 
NUDE se cictccorchevecs seis 614.5 201.4 610.3 199.6 4.3 1.8 
CT Sitaeaa a cteoncccs 622.5 226.3 619.4 224.8 3.0 Ue) 
NOTA Re rrceie neers cies 597.7 201.0 595.1 199.6 2.6 1.4 


‘ Less than $50,000. 
? GNP implicit price deflators used to convert dollars to constant 1967 dollars. 


SOURCE: National Science Foundation, National Patterns of R&D Resources, 1953-75 (NSF 75-307) and special 
tabulations. 
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Table 3-14a. Federally Funded Research and Development Centers 


Name Sponsoring agency 


Organizational affiliation 


Administered by universities 


Ames Laboratory Atomic Energy Commission 


Applied Physics Laboratory 
Applied Research Laboratory 
Argonne National Laboratory 


Department of the Navy 
Department of the Navy 
Atomic Energy Commission 


Brookhaven National Laboratory ......... 
Cambridge Electron Accelerator 
Center for Naval Analysis 
Cerro Tololo Inter-American 

Observatory 


Atomic Energy Commission 
Atomic Energy Commission 
Department of the Navy 


Bre Serer toe etnies Serie thotererense ite National Science Foundation 
Atomic Energy Commission 
Atomic Energy Commission 
National Aeronautics and 
Space Administration 
National Science Foundation 


E.O. Lawrence Berkeley Laboratory 
E.O. Lawrence Livermore Laboratory ..... 
Jet Propulsion Laboratory 


Kitt Peak National Observatory .......... 
Department of the Air Force 
Atomic Energy Commission 
Atomic Energy Commission 


BincolmiaboratO nye critic cc: -tietetelerictsier ter 
Los Alamos Scientific Laboratory 
Fermi National Accelerator Laboratory ... 
National Astronomy and lonosphere 


(CAI CT Saran eee orear Ec oreoorn rn rodooron National Science Foundation 
National Center for Atmospheric 
RESEEKCN obopoapboomootebadacnoo oD Gooo National Science Foundation 


National Science Foundation 
Atomic Energy Commission 
Atomic Energy Commission 
National Aeronautics and 
Space Administration 
Atomic Energy Commission 


National Radio Astronomy Observatory .. 
Oak Ridge Associated Universities 
Plasma Physics Laboratory 
Space Radiation Effects Laboratory 


Stanford Linear Accelerator Center 


lowa State University of Science and 
Technology 

Johns Hopkins University 

Pennsylvania State University 

University of Chicago and Argonne 
Universities Association 

Associated Universities, Inc. 

Harvard University 

University of Rochester 


Association of Universities for Research in 
Astronomy, Inc. 

University of California 

University of California 

California Institute of Technology 


Association of Universities for Research 
in Astronomy, Inc. 

Massachusetts Institute of Technology 

University of California 

Universities Research Association, Inc. 


Cornell University 


University Corporation for Atmospheric 
Research 

Associated Universities, Inc. 

Oak Ridge Associated Universities 

Princeton University 

College of William and Mary 


Stanford University 


Administered by industrial firms 


Bettis Atomic Power Laboratory 
Hanford Engineering Development 

Laboratory 
Knolls Atomic Power Laboratory ......... 
Liquid Metal Engineering Center ......... 
Mound Laboratory 
National Reactor Testing Station ......... 
Oak Ridge National Laboratory 
Sandia Laboratory 
Savannah River Laboratory .............. 


Atomic Energy Commission 


Atomic Energy Commission 
Atomic Energy Commission 
Atomic Energy Commission 
Atomic Energy Commission 
Atomic Energy Commission 
Atomic Energy Commission 
Atomic Energy Commission 
Atomic Energy Commission 


Westinghouse Electric Corporation 


Westinghouse-Hanford Corporation 
General Electric Company 

Rockwell International Corporation 
Monsanto Research Corporation 

Aerojet Nuclear Corporation 

Union Carbide Corporation 

Western Electric Company, Inc.-Sandia Corp. 
E.|. du Pont de Nemours & Co., Inc. 


Administered by other nonprofit institutions 


Institute for Defense Analysis ............ Department of Defense 
Research Analysis Corporation Department of the Army 
Aerospace Corporation .................. Department of the Air Force 
Analytich Semvices; IMG: 2... 1-114 -1e\-1mretelalelate Department of the Air Force 
MITRE Corporation Department of the Air Force 
RAND Corporation ..........-..00eeeee ee Department of the Air Force 
Atomic Bomb Casualty Commission Atomic Energy Commission 
Pacific Northwest Laboratory Atomic Energy Commission 


Institute for Defense Analysis 
Research Analysis Corporation 
Aerospace Corporation 
Analytic Services, Inc. 

MITRE Corporation 

RAND Corporation 

National Academy of Sciences 
Battelle Memorial Institute 


SOURCE: National Science Foundation, Federal Funds for Research, Development, and Other Scientific Activities, Fiscal Years 1973, 1974, and 1975. Vol. 


XXIII (NSF 74-320). 
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Table 3-15. Federal obligations for intramural basic research, by 
selected agencies, 1960-74 
{Dollars in millions] 


1974 
Agency 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 (est.) 
Current dollars 
TOtale esac hic: $160 $206 $251 $299 $363 $424 $444 $472 $502 $565 $646 $535 $607 $585 $635 
Department of 
Defense ot cscccnis : 53 54 64 73 76 80 85 82 86 90 96 99 Ss sila 104: 
National Aeronautics 
and Space 
Administration’ ..... 27 49 63 845 127 158s 155) 163) li79) 202" 2239) = 1/725 S 202K 80 e222 
Department of 
Agriculture ......... 23 28 32 37 43 57 62 63 67 77 85 87 S77 NOOR Or, 
Department of Health, 
Education and 
Welfare: Ss cie. 22s «1 18 25 31 39 45 47 59 67 70 88 114 68 77 79 86 
Department of the 
Intenionsachc seer: 19 21 23 24 26 31 34 40 41 43 40 41 47 55 66 
Department of 
Commernrce® 25... 9 11 15 19 21 22 20 22 24 26 36 35 33 14 15 
Other agencies ....... 11 18 22 23 25 29 29 35 35 39 36 33 38 36 35 
Constant 1967 dollars? 
Motalis sss cee See $182 $231 $279 $328 $389 $446 $458 $472 $483 $518 $562 $445 $488 $446 $439 
Department of 
Defense! ...ccecsc5 60 62 72 80 82 85 88 82 83 83 83 82 91 85 72 
National Aeronautics 
and Space 
Administration’ ..... 31 55 70 92 S768) S160) 16372) 9165) °208) S43 Goin 44ee 5S 
Department of 
Agriculture ......... 26 31 36 4 46 60 64 63 64 71 74 72 78 76 74 
Department of Health, 
Education and 
Welfaress. 22:8 cjcacre 20 28 34 43 49 50 61 67 67 81 99 57 62 60 59 
Department of the 
Intenioneectyyveccrice: 22 24 26 26 28 33 35 40 39 39 35 34 38 42 46 
Department of 
Gommerce! see. a. 10 12 Ne 21 23 23 21 22 23 24 31 29 27 11 10 
Other Agencies ....... 13 20 24 25 27 31 30 35 34 36 31 27 31 27 24 


' The large amounts reported by NASA for basic research are due to the substantial cost of support equipment such as spacecraft and launch vehicles 
peculiar to space exploration, and the statistical prorations of costs for tracking and data acquisition. 

2 GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 

NOTE: Detail may not add to totals because of rounding 


SOURCE: National Science Foundation, Federal Funds for Research, Development and other Scientific Activities, Fiscal Years 1973, 1974, and 1975. Vol. 
XXIII (NSF 74-320-A), and earlier volumes. 
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Table 3-16. Industrial basic research expenditures, by source, 
1960-74 
[Dollars in millions] 


Total Industry Federal Government 

Constant Constant Constant 
Current 1967 Current 1967 Current 1967 

Year dollars dollars’ dollars dollars! dollars dollars' 
1960) a5. $376 $428 $297 $338 $ 79 $ 90 
LOGIE eee 395 444 314 353 81 91 
W2 Sosa 488 542 345 384 143 159 
Ue: echoes 522 573 375 411 147 161 
19642 cece. 549 593 384 415 165 178 
USES gecne 592 628 406 431 186 197 
US couse 624 644 451 465 173 179 
UCLA eooac 629 629 427 427 202 202 
VEE. cesec 642 617 462 444 180 173 
Ue) soccic 618 567 458 420 160 147 
UMAO-sénn0 629 547 471 410 158 137 
Mall trey 610 507 485 403 125 104 
NOM 2 ecvcrers 579 466 452 364 127 102 
WW, Sanac 605 461 473 360 132 101 
1974(est.) . 640 442 500 345 140 97 


1 GNP implicit price deflators used to convert current dollars to constant 1967 dollars 
NOTE: Detail may not add to totals because of rounding 


SOURCE: National Science Foundation, National Patterns of R&D Resources, 1953-75 (NSF 75-307) 
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Table 3-17. Expenditures for basic research in industry, 
by major performing industries, 1960-73 
[Dollars in millions] 


Electrical 
Aircraft | equipment Chemicals 
All and and com- and allied All other 
Year industries missiles munications Machinery products industries 
Current dollars 
UNIS)” Gocco $376 $62 $ 77 $22 $115 $100 
UH) cao 395 40 79 25 124 127 
IEE at oot 488 55 125 27 136 145 
UGE) ceons 522 59 133 25 152 153 
1964. cc 549 68 134 26 153 168 
WE cease 592 74 148 22 173 175 
WSIS Gone 624 74 122 26 176 226 
UE nonce 629 73 131 26 184 215 
968 eee. 642 71 134 31 201 205 
USE) Gene 618 67 134 21 206 190 
ICYAO). Geec 629 63 144 20 230 172 
CYA Soees 610 54 145 20 241 150 
UA sseec 579 61 154 23 206 135 
IQS sooos 599 52 166 25 222 134 
Constant 1967 dollars’ 
1 9GOReee ee $428 $71 $ 88 $25 $131 $114 
WEN casse 444 45 89 28 139 143 
WE soesc 542 61 139 30 151 161 
1963) Sec 573 65 146 27 167 168 
W964) cre. 593 73 145 28 165 181 
IES. sonen 628 78 157 23 183 186 
USS: Ssoce 644 76 126 27 182 233 
UY Soa0c 629 73 131 26 184 215 
Usist3} Gooor 617 68 129 30 193 197 
UE) ceeoe 567 61 123 19 189 174 
ULAD Soaan 547 55 125 17 200 150 
IR YAD Sbbcoe 507 45 121 17 200 125 
NOI eh ters 466 49 124 19 166 109 
Iie} peaee 456 40 126 19 169 102 


‘ GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 
NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, Research and Development in Industry, 1973 (NSF 75-315). 
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Table 3-18. Expenditures for basic research in industry 


by selected fields, 1967-73 
[Dollars in millions] 


Selected fields' 1967 1968 1969 1970 1971 1972 1973 
Current dollars 

Engineering ....... $172 $181 $170 $170 $159 $182 $187 
Chemistrymemececeine 162 191 213 196 186 181 186 
Physics and 

astronomy ....... 146 126 111 107 101 94 93 
Biological 

SCIENCES esicret- eter NA 50 58 71 77 60 67 
Clinical medical 

sciences ......... NA 26 16 36 40 21 27 
Mathematics ....... 12 13 13 13 14 12 12 
Environmental 

sciences ......... 14 11 11 8 8 6 6 

Constant 1967 dollars? 

Engineering ....... $172 $174 $156 $148 $132 $146 $142 
Ghemistry se. 2-1-1 162 184 195 170 155 146 142 
Physics and 

astronomy ....... 146 121 102 93 84 76 71 
Biological 

COE Sacesance NA 48 53 62 64 48 51 
Clinical medical 

sciences ......... NA 25 15 31 33 17 21 
Mathematics ....... 12 12 12 11 12 10 9 
Environmental 

SCIENCES) aecteeleleel: 14 11 10 7 U 5 5 


‘ See Appendix table 3-18a for descriptions of these fields. 
2 GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, Research and Development in Industry 1973 (NSF 75-315). 


Table 3-18a. Fields of industrial basic research expenditures 


a 


Field of science 


Illustrative subfields 


Engineering 


Aeronautical, astronautical, chemical, civil, elec- 
trical, mechanical engineering, and metallurgy and 
materials. 


Geological sciences 


Geodesy, hydrology, geochemistry, seismology, 
and soil sciences. 


Atmospheric sciences 


Aeronomy, weather modification, and meteorology. 


Clinical medical sciences 


All sciences concerned with the use of scientific 
knowledge for the identification, treatment, and 
cure of disease. Includes internal medicine, 
neurology, preventive medicine and public health, 
psychiatry, dentistry, and pharmacy. 


Biological sciences 


All sciences which deal with life processes, in- 
cluding plant and animal sciences, bacteriology, 
pathology, microbiology, and pharmacology. 


Other sciences 


Multidisciplinary and_ interdisciplinary projects 
which cannot be classified within one of the above 
primary fields of science. 


SOURCE: National Science Foundation, Research and Development in Industry, 1973 (NSF 75-315). 
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Table 3-19. Basic research expenditures in nonprofit 
institutions,’ by source, 1960-74 
{Dollars in millions] 


Current dollars Constant 1967 dollars? 

Federal Own Federal Own 

Year Total Government Industry funds? Total Government Industry funds? 
1960) sa252 $117 $ 58 $10 $ 49 $133 $ 66 $11 $56 
Wil ssoue 126 57 11 58 142 64 12 65 
1962) 25: cis 161 80 12 69 179 89 1183 77 
1963 aes 180 95 14 ial 197 104 15 78 
1964) sere 194 108 15 71 210 117 16 77 
UWS s665c 210 120 16 74 223 127 17 78 
UWS: Soa55 226 132 18 76 233 136 19 78 
IW Soog6 221 125 19 77 221 125 19 77 
1968s eee 217 118 20 79 209 113 19 76 
UR) cas 213 111 22 80 195 102 20 73 
UCTAC) Soa 208 100 25 83 181 87 22 72 
ICY Ale eeeios 225 110 25 90 187 92 21 75 
UW ennes 245 125 25 95 197 101 20 76 
UGA Sessc 255 130 30 95 194 99 23 72 
1974(est.) . 274 144 30 100 189 100 21 69 


ee 


‘ Includes State-administered hospitals 

? GNP inplicit deflators used to convert current dollars to constant 1967 dollars. 
* Includes State and local government funds 

NOTE: Detail may not add to totals because of rounding 


SOURCE: National Science Foundation, National Patterns of R&D Resources, 1953-75 (NSF 75-307). 


Table 3-20. Relative growth in scientific research publications, 
by selected fields of science, 1960-73 


Percent growth after 1960 


Field of science 1962 1964 1966 1968 1969 1970 1971 1972 1973 
ASTRONOMY, cise cre sete cress crete 17 44 66 90 107 107 124 144 144 
Atmospheric sciences .......... 56 79 117 198 181 223 231 264 240 
Biology: cena. memo acc acetic. wee 22 47 77 102 113 114 119 130 142 
(GINGINEIA? sousecomscoor suas sono 28 47 56 82 75 Ha 67 94 87 
Engime@ening) soc sac 7 sce ne i 39 56 72 74 90 94 92 79 
GeologyesesaacieuseeecnncsOne 7 15 24 32 43 39 55 50 69 
Mathematics: <4: <nassc ce asc. 22 42 84 117 159 162 162 195 193 
@ceanographVirecss soso c ees: 19 21 49 76 116 91 84 100 75 
PHYSICS ast aasencdaseaseieneerns 36 47 72 109 108 97 99 98 93 
ECoOnomics:Ar scene eeciicaeene — — 5 15 33 26 26 25 25 
PoliticaliscienCes va ssicceas sce — 3 8 31 58 53 44 50 53 
eA el Mol Oleh 7: cooudacoddasoncouods 15 141 129 145 198 234 263 256 NA 
Sforelfolloyo Wi Gaeacoogonecuocbbodar 56 177 176 216 216 199 226 275 210 


SOURCE: National Federation of Abstracting and Indexing Services, Indicators of the Output of Scientific Research, 1974 (A study commissioned 
specifically for this report and partially supported by the Office of Science Information Service of the National Science Foundation). 
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Table 3-21. Publication output for selected fields of science, 
percent of yearly totals by sectors, 1960-73 


Field and sector 1960 1962 1964 1966 1968 1969 1970 1971 1972 1973 
Astronomy 
AAGademiG) waec. .. sos 71 79 80 74 76 79 84 84 82 79 
InGuStiye se terse ee 5 — 3 6 4 5 3 4 5 4 
Government ........ 20 10 9 19 18 uz 12 11 12 16 
Nonprofitiei.- cir: 2 4 3 2 3 — — — 1 1 
Oth eriict cro velers ears 2 6 5 _— — = 2 1 es ee 
Atmospheric sciences 
Academic .......... 56 53 53 50 53 52 60 57 56 58 
nCWny steacoesboae 6 9 13 20 12 12 9 7 1 10 
Government ........ 31 36 32 26 32 33 29 33 31 29 
Nonprolitt ccc. ss 8 3 2 4 1 1 1 2 } 3 
OLINE? 3555 Budo RaneS 0 — — 2 1 2 1 2 —_— 1 
Biology 
AACAGEMICe saseecccie'-,2 70 78 73 73 79 75 80 78 79 81 
ind UStiyeerrr 5-6. 5 3 3 5 4 3 3 3 3 2 
Government ........ 16 14 14 13 10 14 12 12 11 10 
Nonprofit <7... 2.2... 7 4 8 Te 6 Uu 5 6 6 7 
Othe meee See Se 2 1 2 2 1 1 1 1 1 1 
Chemistry 
Academic) ........:. 59 61 62 60 70 68 68 69 77 75 
Indtisthymeseertc ccrensce 25 30 29 26 21 24 23 22 17 18 
Government ........ 11 8 6 10 8 7 8 6 4 5 
Nonprofiteseeecs.ce 3 1 2 4 1 1 1 2 1 (‘) 
OLIV RSS Sannmoresrenss 2 (‘) 1 1 1 1 1 1 1 1 
Economics 
AAGademic) .- sc... -cs 72 75 70 83 87 82 92 81 88 78 
IMGUSTIVesnecccisns 5. 7 9 14 6 6 — 1 7 3 5 
Government ........ 12 10 11 8 4 16 4 8 3 9 
Nonprofit smece. cus ae 3 — — — _— — 1 
Other Gace cece See e 7 fi 5 ‘3 3 3 3 5 7 7 
Engineering 
IAGAGEMIG nee ccc e 25 25 27 29 33 33 35 37 37 39 
Incdusthy:esemer ssc 58 60 55 50 49 49 48 48 49 44 
Government ........ 12 14 16 Uz 15 16 14 13 13 14 
Nonprofit “2s... csc 2 (‘) 2 2 1 2 2 2 1 2 
Others aceon eis foe 3 2 1 2 1 1 1 1 1 1 
Geology 
INCAGEMIG wena ae 51 48 57 58 70 58 60 66 68 67 
Wn CWSIN? sbdoonocoaan 14 23 13 20 14 22 15 10 14 10 
Government ........ 18 18 20 15 10 14 16 a 11 18 
Nonprofitescsc.ss- -.< 6} 4 5 2 3 3 9 u 6 3 
ONE Ss us dooosessee 15 8 6 5 2 4 1 1 2 2 
Mathematics 
IACAGEMIG! hee: ..cice 77 71 79 77 88 90 91 93 93 93 
INCWENINY Sossoneocees 17 18 13 18 6 6 5 5 5 5 
Government ........ 4 5 1 2 4 1 3 2 2 2 
Nonprofiteacn... cs. — — 1 — — a — — (() — 
ONG Se soceoneme 2 7 i 3 1 3 (‘) (‘) (‘) (‘) 
Oceanography 
AACAGe MiGs cine sss ss 63 67 71 55 57 54 67 67 61 64 
nchWvSinscaocuooudes 2 4 2 5 10 9 10 12 ul 7 
Government ........ 33 22 21 26 25 30 19 13 24 21 
Nonprotittrerc-c a. : 2 u Ul 12 8 4 4 9 5 tf 
Otheneaaaacsce se se — 1 — 2 — 1 1 - 2 1 


(Continued) 
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Table 3-21 (Continued) 


Physics 
Academic ......... 50 57 62 62 66 70 68 66 
Industty) sence se 28 29 27 29 23 19 19 17 
Government ....... 17 12 8 u 10 10 12 15 
Nonprofiti sess. 4 2 2 3 1 — (‘) 1 
Other, wae es sene 1 — 1 — = 1 1 — 
Political science 
Academic ......... 81 85 84 85 89 90 93 83 
IndUStiIVies es vo. sce — — 5 3 4 4 2 6 
Government ....... 6 9 5 8 2 4 4 6 
Nonprofit = c-ii- 22a 8 — 5 is) _ 2 —_ 2 
Othe ea Sakae cerca 6 6 _ _ 4 2 2 4 
Psychology 
Academic ......... 59 65 64 72 79 80 70 74 
Industiyes--cee cee 4 3 1 1 1 2 2 3 
Government ....... 7 12 6 7 7 U 6 5 
Nonprofit <.-:.-...- 9 if 9 12 5 Uf 16 11 
Other eecsikakicncs 21 14 19 8 8 5 6 1 
Sociology 
AAGAdemiG) -scs- cece 63 64 66 83 82 86 86 86 
Industnyere-ci aes 2 4 3 2 (") 1 2 2 
Government ....... 4 ul 6 2 4 3 4 3 
Nonprotitvern- scarce a 3 4 5 4 2 3 
Otherness oe ans 31 22 19 9 8 6 6 7 


' Less than 0.5 percent. 


SOURCE: National Federation of Abstracting and Indexing Services, /ndicators of the Output of Scientific Research, 1974 (A study commissioned 
specifically for this report and partially supported by the Office of Science Information Service of the National Science Foundation). 


Table 3-22a. Index of research publications 
in universities and colleges, 1966-73 


Field 1966 
Biology, accsciene enon. 100 
Ghemisthys =ceceeaeece 100 
Engine@ening) 4. ...c-<11.- 100 
Mathematics .......... 100 
PAINYSICSHaepierc cise cre sss. crsrs 100 


Service of the National Science Foundation) 


208 


1968 


123 
136 
127 
135 
129 


1970 1972 1973 
132 141 151 
129 160 149 
147 157 158 
168 193 191 
125 114 131 


SOURCE: National Federation of Abstracting and Indexing Services, /ndicators of the Output of Scientific Research, 
1974 (A study commissioned specifically for this report and partially supported by the Office of Science Information 


Table 3-22b. Index of R&D expenditures 
in universities and colleges, 1964-72 
(based on constant 1967 dollars') 


Field 1964 1966 
BiGlOGY. .cicssc scm aeri acs 100 129 
Chemisthy! wscccm secs 100 121 
Engineering .......... 100 154 
Mathematics .......... 100 125 
PHYSICS: oases cee 100 128 


' GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 


? Interpolated from 1970 and 1972 data. 


SOURCE: National Science Foundation, Expenditures for Scientific and Engineering Activities at Universities and 


Colleges, Fiscal Year 1973 (NSF 75-316-A). 


Table 3-23. Citations per basic patent, by type 


1968 1970 i Siale 
140 142 152 
135 119 120 
173 162 162 
159 182 173 
130 111 107 


of citation, 1950-61 and 1962-73 


Type of citation 1950-61! 1962-73? 
Citations per basic patent 
AllntyDeSiesrisciciee: SZ 2.9 
Basic research ........ 0.6 0.7 
Basic and/or applied 
researchieremscceecee Wee 1.3 
Other patents ......... Py 1.6 
Number of citations 
All types ....... ascii 148 135 
Basic research ........ 26 35 
Basic and/or applied 
TESCANCI ssfevercicterereiaters 53 59 
Other patents ......... 95 76 


| Based on 46 basic patents with citations. 
2 Based on 47 basic patents with citations. 


SOURCE: Franklin Pierce College Law Center and the PTC Research 
Foundation, /ndicators of the Role of Science in Patented Technology, 1974 (A 
study commissioned specifically for this report) 


Table 3-24. Number and percent of basic patents citing 


research literature, by field of science and 


engineering, 1950-61 and 1962-73' 


1950-61 1962-73 
Field Number? Percent Number® Percent 
Electrical engineering . 7 32 s) 31 
CNEMISUBY Gosscncogcon i 32 8 28 
PWS: EcouseGaccsersc 2 9 9 31 
BHolleIe Me cica np nodocecdse 5 23 2 7 
MetallUngy) 22/10...) 3 14 1 3 
Mechanical engineering 2 9 2 u 
Medicine? <1)... <1 o-1- 1 5 1 3 


' A single patent may contain more than one citation, and these may be related to more than one field of science and 


engineering. 


? Based on 22 basic patents with citations to basic or applied research. 
3 Based on 29 basic patents with citations to basic or applied research. 


SOURCE: Franklin Pierce College Law Center and the PTC Research Foundation, /ndicators of the Role of Science in 


Patented Technology, 1974 (A study commissioned specifically for this report). 
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Table 3-25. Number and percent of citations in basic patents to 
research literature and other patents, by source of 
citation, 1950-61 and 1962-73 


1950-61 1962-73 
Source of citation’ Number Percent Number Percent 
All citations 

INIVGOUICES susdeascanc 148 100 135 100 

Government ........ 8 5 19 14 
Universities and nonprofit 

INStiTUTIONS! 5....-.- 15 10 30 22 

Corporations ....... 120 81 79 59 

Unidentified ........ 5 3 7 5 

Basic research 

AlliSOUKCeS! S222 occ 26 100 35 100 

Government ........ 1 4 8 23 
Universities and nonprofit 

institutions ....... ls 50 20 57 

Corporations ....... 9 35 3 9 

Unidentified ........ 3 12 4 11 

Basic and/or applied research 

AlliSourceS oa. occ e: 53 100 59 100 

Government ........ 8) 6 15 25 
Universities and nonprofit 

institutions ....... 15 28 28 48 

Corporations ---...: 30 BY/ 9 15 

Unidentified ........ 5 9 7 12 

Other patents 

INW SOURCES Socaccodnay 95 100 76 100 

Government ........ 5 5 4 5 
Universities and nonprofit 

institutions ....... — — 2 3} 

Corporations ....... 90 95 70 92 

Unidentified ........ — _— — _— 


' Source is defined as the institution performing the cited research, or owning the cited patent. 


SOURCE: Franklin Pierce College Law Center and the PTC Research Foundation, /ndicators of the Role of Science in 
Patented Technology, 1974 (A study commissioned specifically for this report). 
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Table 4-1. Industrial R&D expenditures, 
1960-74 
(Dollars in billions) 


Current Constant 


Year dollars 1967 dollars' 
LILI Season ose musta coontee $10.5 $12.0 
TOGA Soo Bo aavevercteronenevinitte ect 10.9 Wes) 
NSG2. eee at ea soeeiasiesns a5) 12.7 
VOB SE etn s Qesrters metre stones ns 12.6 13.9 
WOGA: esieiisen cies wioeive 13.5 14.6 
NOG eG cence ae cis ce verainins 14.2 15.0 
MOGGs Sew hisciok wete ne locas 15.5 16.0 
WOGT ciaccicrcisescrstotscisrsveresiee se 16.4 16.4 
HOGS yaa rosomer mite ak 17.4 16.8 
IK eS Atoceonenb ee Men Gaonone 18.3 16.8 
IC TAC RG Sancuacamocunsnarcrs 18.1 SETA 
ITA Leeman icrccun cotrc Ten 18.3 15.2 
MGs ore tice hers stansteoeeinneemetetece 19.4 15.6 
TORS: ox ciertit crcicvsitte sists cloth sions 20.9 16.0 
NOTA (GSU ie Scere siaatce hes 22.0 15.2 


' GNP implicit price deflators used to convert current dollars to constant 1967 
dollars. 


SOURCE: National Science Foundation, National Patterns of R&D 
Resources, 1953-75, (NSF 75-307) 


Table 4-2. Expenditures for industrial R&D, advertising, and new plant 
and equipment, by manufacturing industries, 1960-73 
(Current dollars in billions) 


Expenditures 
Expenditures for Expenditures for new plant 
Year industrial R&D for advertising and equipment 
Industry 
All sources sources 
OGO re ses raceme cre $10.5 $4.4 $5.2 $10.1 
VOGT Scene Monee 10.9 4.7 Bi) 9.8 
19622. ee chimes tess 11.5 5.0 5.6 10.4 
INGE) San comecososntes 12.6 5.4 6.0 11.4 
NOGS Se eee ees reise 13.5 5.8 6.6 13.3 
1965 | Se cecc ma e ee 14.2 6.4 Us) 16.6 
1WQGBe oe ceisseccneciee 15.5 7.2 8.1 20.2 
USY Esse asoeroneceen cra 16.4 8.0 8.3 20.4 
NOGBi ees cctnes eens ae 17.4 8.9 8.7 20.6 
1OC9e cd meaueem oe 18.3 9.9 9.5 22.3 
LIC AC) Sree naan ore 18.1 10.3 9.5 22.2 
WOM eerhiscsiccie te oe noe 18.3 10.6 9.7 21.0 
IWATE) Soaecuanduoes 19.4 ies 10.0 22.9 
NOZS(ESt)e cesite aces 20.9 12.7 12.8 27.8 


——  ——————————————————————SSSSSSSSSESSESESESsSsSseseFe 


SOURCE: National Science Foundation, National Patterns of R&D Resources, 1953-75 (NSF 75-307) and Department of 
Commerce, Bureau of the Census, Statistical Abstracts of the U.S., 1960-74. 
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Table 4-3. Expenditures for industrial R&D, by source of funds, 1960-74 


(Dollars in billions) 


Current dollars Constant 1967 dollars’ 
Federal Federal 
Year Industry Government Industry Government 
CO eee cts vocaconacasecsnsecors $4.4 $6.1 $5.0 $6.9 
AGO) Ais dace ta ceratermeye 4.7 6.2 5.2 7.0 
9G 2:.chhpeon et ereeciitciecesenrae 5.0 6.4 5.6 7.2 
AQGS cSaeeitess nanos ee Cale emcee tc 5.4 7.3 5.9 8.0 
UC eye im ontonnnn on codo somos odouoEe 5.8 Ut 6.3 8.3 
OBS es otenicacete clave Bets core ce reser 6.4 7.7 6.8 8.2 
Iss) Gheneos oamooccUnERAsdoadogED 7.2 8.3 7.4 8.6 
MOG Pe: siscsyeccevcpatcvsveralatevars el aietersiareieeverevere 8.0 8.4 8.0 8.4 
NOG8n crincismi stad ercctecrins steak eeineee 8.9 8.6 8.5 8.2 
1969) ia Sect caewincrosincisrere elects 9.9 8.5 9.0 7.8 
NOP Mee rareccieescvaues s avutcteteresccsisscisere creer’ 10.3 7.8 8.9 6.8 
WGA eisesisveracs cvsue stovetoress eicasaceleteyetesyerete 10.6 el 8.9 6.4 
WOO Becicruncr rset evateepetss avers 11.3 8.0 9.1 6.5 
MOB ber eteve ares sayecsicrevtictoretorsss lessrocamiecs slicks 12.7 8.3 9.7 6.3 
AGTA(OST)) orcrcincersinreyurcicstsieierisiereiier 13.7 8.3 9.2 Bal 


1 GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 


SOURCE: National Science Foundation, National Patterns of R&D Resources, 1953-75 (NSF 75-307). 


Table 4-4. Scientists and engineers' engaged in industrial 
R&D, by source of funds, 1960-74 
(as of January of each year) 


Federal 
Year Total Industry Government 

UST) Gas cemaccanooncanmacne onaaoSOOen 292,000 163,400 128,600 
Ich Seasendcacwopnacs sescMcmaaaoebs 312,100 172,900 139,200 
MOG 2 ree sratartis.ctessizioneve sieve eheTs Soon oa ane 312,000 172,800 139,200 
IE cateanped Soar oocometensoonbousd 327,300 168,800 158,500 
Itsy anatmnen doo boot emnanDodgadaooe 340,200 174,700 165,500 
MDGS Eee srecctstecorsreteleyaiarenetateCuevecoterrerceleteveleie te 343,600 180,400 163,200 
US) Gonoasundoooausechooueacuaaoseae 353,200 190,100 163,100 
MOG Te Wave era wcceyetecsveuste oysiene eecusistaqerecsrevs,thsvsrs 367,200 205,000 162,200 
NOG BU eens coin unet teen veer vere rere sieieyete 376,700 218,200 158,500 
iN DB Qe sve ccc xs storaicnel ever serers wievereeissereieess 387,100 227,500 159,600 
OI Oper steve retsyensys) stave overeverstrereser rervorererete eter 384,100 232,500 151,600 
NOT aNY Sreyercecreretey castorate: «ste steietereruersyeretniorererote 366,800 237,800 129,000 
INTA= céunosndanstonenone ano eadoanodas 350,100 232,000 118,100 
MOGs Rieveversicictele wives sissere coterie ravers errs Ne 356,600 238,400 118,200 
NOTA Re cSeresskesucicicttetetete wines cts emieremare cele 360,600 249,600 111,000 


' Full-time equivalent basis 


SOURCE: National Science Foundation, Research and Development in Industry, 1973 (NSF 75-315). 


212 


(panuljuoD) 


pl LOL vOL SOL sso €09 6SS L6v pBe 6LE 912 ve? v6L 891 seluysnpul Bulinjyoesnuewuon 
ZSL Ost 9EL Zel ZOL qo} 06 ZL EZ s9 >S s9 SOL 6LL selaysnpul Buynjoesnuew J38yiO 
962 69 £9 £29 Sco 8S Ser L8€ ce LS2 ple 802 8ZL CO ane ie s}UBWNIJSU! 484}O pue 
‘oiudesBojoud ‘jeo1Buns ‘jeodO 
SLL vel OL SLL 60L raas yOl 28 08 pl OL LOL 6LL (0) ean s}uewnsysu! Buyinseew 
JBOlUBYOSW PUB dIJI}UBIDS 
Vas) 218 byl Spl pel 099 evs 89r €0r Lee 82 60€ 62 6Cor, “ee amaate ee vat $}U8WUNI}SU! 
DIIWUSIOS PUe |BUOISSAJOIg 
LSO'S Z66' ZL6'y Sre's 606'S QLL'S 699'S 92S'S 8rL'S 80'S ell'y ev0't 628'€ CAH Me ic owes oe SO|ISSIW PUB YRIOIIY 
eer'c e861 9521 zest escil 6p =9pSe'L =k = COES CBN L O60'l 666 9€6 1A] Flee ena es juawdinbe uoljeyodsue} 
JaYJO Puke SajOIYaA JOJOWY 
L98'L OLL'L 68S‘ 9PS'} Leg'h ZLs‘t 26€'L Oee'l LLo'L OOL'L €60' 8r0'L 620'L g0z'L jUBWdINbe |ed11}99/8 484yIO 
Ozr'e 6SL'E 188'2 9el'2 €Ll'2Z ges'z Seve 6r2 2 686'1 228'b €ZL'b L6S'L vOr'L POCu en aes: sjuesuodwod 91U01}99/9 
PoE juawdinbe uolnediunWwWOoD 
1s 8b v9 OL Zs fete} St ly (\) (:) (:) (:) () (Ge eee Eee ia ae juawdinbe 
Bulaiaoes AL pue oipey 
eee's 9L6'r ves’ eSe'p LOv'y SOL'p 298'€ 929'€ 002 2162 998'2 6E9'% €8r'zZ RAT ohrAe eam na ee er reece uoljeoiunw 
-WOo9d pup juawdinba je914}99/9 
vrl'z 096‘ eZL'b 6r9'L 9es't LLy'h 9ze'L Lbe'b S90'L SLO'L 8S6 vl6 L06 CUGH nee sa rt en aS Aauiyoeyw 
192 Lye £2 002 Z8t est €9l vSt Srl 8rl est 9rl 9EL Coie aah sjonpoid jeje peyeouge4 
Be ee ee ee Ea Ee ee ee 
Sel cel 82l 92l Lb SLL ZOL £6 S8 62 LL pl 62 Gl cease 6 Ae abe cane sjonpoid 
pue sjejawW SNOWajJUON 
Lvl gel prt 6rl 9EL SEL SEL 6EL Bel QLL 90L 26 86 Z0l sjonpoid pue sjejew snowue4 
ele 192 cle Sle LS2¢ LS2 AZ4 (43rd €l2 S6L est LLL ZLL VU PIE ie cee Ce aoe en ae ae sjeyow Aieulid 
QLL SOL SSL ZSL 6SL orl 9EL Zbb aes 60L OOL 96 88 88 sjonpoid sse|6 pue ‘Aejo ‘au0}S 
S82 p92 (0}3%4 022 Ll2 S02 4] g9l c9l BSL QSL Lh 8El [Er Alb na ean ceaalas sjonpoid saqqny 
OS 89r sos SiS L9b Lev LZE LLE 26 £68 ZLE OLle 662 OG Crees iioraarar or, 18 sey UO!}DE1}XO 
pue Bululyas wnajosjed 
Oee L0€ 682 c92 ele Ole 861 L8L L8L Sel vile ALA Siz (Ao eS re ean S|BOILWAYS 194}0 
819 Lvs ols v9v ver £6 eve 80€ 292 ve? 912 S6L ost rac} hae seuloipew pue s6niq 
[oio7 ans Zv0'L 0z0'L Ov0'L €LO'L S86 996 816 806 s98 608 sel 902 Choo) a eee s}Bo!|Wayo |el4}snpu| 
180'2 968'L 6L8'L 99Z'L 6S9'L ggS'} Z0S't LOv‘L 9Se'L y8z'b 6E7'L GLU LOL'L 086 sjyonpoud parjje pue sjeoiwayo 
86L 98L Z8L ZL 88l vrl 8el Ztb v6 ZL 69 s9 6S OCh ey eS es syonpoid paijje pue sedeq 
ss LS 87 8Y SI 6L ras cl LL cA LL OL OL OC i ROS aac ee at aoa ainyusNy 
pue ‘sjonpoid poom ‘iaquiny 
99 19 6S 8S 09 8S 2S LS 8e ce oe 82 oe CO gune ams yee jasedde pue sajiy}xo 1 
022 092 74 Sez soz Z8L est y9l ZSL prt O€L LoL Sel Die a eee sjonpoid paipuly pue poo 
\z6'0z$ ege'6l$ LLe'si$ z90'e1$ gs0e'sl$ 6zr'Z1$ SBE'9l$ BHS'SL$ SBl'pl$ ZiS‘el$ OE9'ZIS HOP'IL$ BOBOI$ GOSOI$ ~~ ae tet [BJO 1 
€Z6l 2Z6b LZ6L OL6L 6961 8961 L961 9961 S961 p96L £961 Z961 LO6L 0961 Auysnpu| 


a 


SUOI||IW Ul SUB|JOP }UaLIND 


€2-0961 ‘Ausnpu Aq ‘seunyjpuedxa Geu “S-b AIGeL 


213 


See 


(GLE-SZ 4SN) €Z6L ‘Ausnpu; uJ jueWdojereg PUB YoJBESeY ‘UOI}EPUNOY BDUBIDS |BUOHEN -JOWNOS 


*SJBIIOP 2961 JUBJSUOD O} SJB|jOP JUBIIND WSAUOD O} pesn suojeyep eoud yoldwi GND z 


‘dnoiB yuewdinba |je01j98/8 184}0 84} Ul PEePNjou| , 


rs 69S 98S €19 409 oss 6SS els LOv Sve €0€ 092 812 L6L "=" sayuysnpul BurunjoeynueWwUON 
Oct LL elt StL 86 86 06 08 SL OL 6S el SLL 9eL * sauuysnpul Burnyoeynuew 19410 
209 6SS Les Svs €Zs Les Ber €6E eve 812 See Le? 002 COlen aries s}UaWNJ}SU! J84}O pue 
‘giydeiBojoud ‘jeoiBuns ‘}eondO 
06 OoL 26 €0L ool 80L vol 06 se 08 ZL colt vEL CO ae sjuawinsysu! Bulinseaw 
jeolueyooW puke d1j1}UBIDS 
969 LS9 619 879 €29 Leg evs €8r 8er 8SE cle pre pee OYNS co Se he Olas Reacaer a cec “* $}U8WUNA}SU! 
\yIJUBIOS pue |EUOISSAJO1d 
6r8'E LLO'Y 980'r L9S'p 02's esos 699'S €0L'S o9r's 98P'S OLL'S e6r' vOe'y LOO'r Fiat la dae SO|ISSILWW PUB IRIS 
gse'l 96S‘ L9p'h gle'L 62er'L vert pSE'l L8€'L SOE'L LL2'4 96 LL LEE L ZS0'L SOOKIKY aaeiess juawdinbe uolepodsues} 
J@UJO PUP SB]DIYSA JOJOWY 
irl QlE'L Zee'l pre'l 96r'L pSp'h L6E'L eLe'l S82'L gslit 66L'L SOL‘L Cle SLE'L “+ yuaudinbe |2911}99/9 484}O 
909'2 evs'2 L6E'2 6LE'2 68r'2 Orr'2 Sere LZe'2% OLL'? Z20'% Sv6'L 69L'1 gBZS'L LOSI a aaa $]}UBUOdWOD 91U01}99/9 
pue juewdinba uolediunWWwoD 
6e 6e es 19 2s €S Sp 6r (:) (:) 7) (1) (.) Gk ee See juawdinba 
Buinigoes A pue o1peYy 
~90'P 9S6'e elle p8l' LE0'r Lv6'€ 298°€ eve v6E'e LLZe Srl ve6'z L62'2 COGIC = Sie ea aa eames uoljeolunW 
-WO9 puke juaWwdinbe |e914}9e/F 
peg’ t LLS't GLy'h vert 60r'L O2r'L 9ze'l 9S2'l O€L'L 260'1 LSO'L 9LO'L LOL OSOi = een eee etn mo oma et Asauiyoeyy 
£02 v6L v6l pt Z9L QL e9l 6S1 pst [ose] 89L Z9l eSt kolo) (Ge tems oane sjonpoid |ejaw payeoiuqes 
S6 86 LOL OL LLL LLL ZOL 96 06 se sg As] 68 CO ae Pak Oey oe syonpoid 
pue sjejaw SsnoiajJUON 
aus LLL Oct O€l Sel O€L Sel ert 9EL Sel QLL 80L OLL OLL * sjonpoid pure sjejaw snoie84 
202 Ole 922 6€2 9e2 Ly? eve 6E2 922 LL? 102 O61 661 202 ee a> ence ia sjeyow Ase 
vel eel 6el ZEL Ort ZEL 9EL LoL 6LL BLL OL ZOL 66 (ole) § * syonpoid ssej6 pue ‘Ae|d ‘au0}S 
Lie Zl] L6L L6L 661 Z6L Z8t elt eLt LLL baie ZS\ SSL (S| SS a eee cae "+" sjonpoid saqqny 
y8e LLE 0er 8bPr 8cr 0er LLE ese Lev Sev 8re Sve 9ee LC Ci ig hak Sethe NT RES Hay UO!JOBIYXO 
pue Buluyas wnajosjed 
LS? Lye (0) -74 822 S6L 202 861 Z8L 261 002 see 69¢ cre (3) ee ie « ~ sjeoiwayo 194}O 
Llp Ory ver 10} 4 866 gle eve 8Le £82 €Sc LE? Lie 202 Velie eS ee sauloipew pue s6mq 
£98 68 678 06 626 Lv6 996 v6 €96 ves 888 028 v6L 8Sl 2h eae a s}Bd!Wayo |PI4}SNpu| 
98s‘ 92S'L €1s'h 9es't 22S‘ b L2S't 20S'} esp tb ger Z8€'l 6SE'L 90€'L Bez L QOLL'L "* sjonpoud parje pue sjeo!wayd 
ISL Osi 9Si SSL elt BEL 8cl LoL ool €8 92 ol 99 Ne pe eae sjonpoid paijje pue sede 
(A LY Ov cv LAS gL (as cl cl el (as LL LL [Nase eee ae eatin Sun}UINy 
pue ‘sjonpoid poom ‘aquiny 
67 67 6r os SS 9S ZS €s Ov Se €e Le ve CVn eure tes jasedde pure saji}xe1 
902 602 1404 02 8st ost est 691 Z9L 9SI ert SEL Lyk SUS lee var syonpoid peipuly pue poo4 
Zr6'SL$ G6S'SI$ EEz'SI$ SOL'SL$ €62'91$ ZSZ'91$ SBE'91$ SPO'9I$ 9PO'SILS JEGPIS UOGOELS GbliclS) O9e:cl$ POETS! se i ee BJO] 
eZ6l ZZ61 LZ6L OZ6L 6961 8961 L961 9961 S961 y96l 961 Z961 L96L 0961 Auysnpu| 


2SUOI||IW U! SIB|JOP 296} JUeISUOD 


(panunuod) S-p a1geL 


214 


Table 4-6. Industrial R&D expenditures, percent change, 1971-73 


Percent change 
Current Constant 1967 


Industry dollars dollars' 
Motor vehicles and other transportation equipment ... 38.8 27.2 
RUbbeR Products: sspmccrmncice rectrcrsriacr corsair 23.9 13.6 
Professional and scientific instruments ............... 22.9 12.4 
Mach ime ny <2 ticiSess sancrecsisverctc tate caotertic ole orci eriaicicicicieisioeiate 20.9 10.8 
Electrical equipment and communication ............. 17.6 Tell 
Fabricated) metal! products) meicccmie eine els nee ie eee 14.6 4.6 
Lumber, wood products, and furniture ............... 14.6 5.0 
Chemicals and allied products .................+++5- 14.4 4.8 
Stone, clay, and glass products ...................--- 13.6 3.9 
Foodrandiikindred|productsiecy. syrcmety ste steie)-cc otic vores 10.2 1.0 
Mextiles;and/ apparels sje:ssiere cpsjcesne cs ctevertic eieiciciersnic erates 8.5 0.0 
Paperand) allied prOoduGtsi sicrr<ctevsts)sieictetetsssicts) iscc'sisizsersr 5.9 -3.2 
AircraftianG missiles: ccmcer cmc cic ie cieicrersr sree = 2.9 -5.8 


1 GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 


SOURCE: National Science Foundation, Research and Development in Industry, 1973, (NSF 75-315) 
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Table 4-7. Industrial R&D expenditures for basic research, 
applied research, and development, 1960-74 


(Dollars in millions) 


Basic Applied 
Year Total research research Development 
Current dollars 
UCI 0 terns Ge SenPcrGon AON dec $10,509 $376 $2,029 $8,104 
MOGI hi seve cacecieroe.s sis. ho civic otto sicronuem ers 10,908 395 1,977 8,536 
Ie-Seeo anaes on anenadc ners 11,464 488 2,449 8,527 
MOOS! cc rcitvracale taeeoecetemre sine sig eee even: 12,630 522 2,457 9,651 
TOG Ree Sica eee sone 13,512 549 2,600 10,363 
UGGS: ace aeters thisak cris c icine ser arine 14,185 592 2,658 10,935 
NWOGGE seve ances see conics cries 15,548 624 2,843 12,081 
NOG? s aeehecreeeisinnsis mation a cates sueloa 16,385 629 2,915 12,841 
NOC icine Seen eee reece serciig sore 17,429 642 3,124 13,663 
UIC 1ok: Diretis pomEacaU An Ot a Corcrcror Ts 18,308 618 3,287 14,403 
MOTOS <arcsestercen ccosavet kts tia aieioioasiere Saatererends 18,062 629 3,399 14,034 
UG Malic See tepinty vive ire etcisicinretnccaieore 18,311 610 3,384 14,317 
AAS ag CUBE CUES GHAR NBE aAtin 19,371 579 3,473 15,319 
NOTES Sea arson Sale eileen visi g ete 20,937 605 3,759 16,573 
POTA(EST eh ictctorne seins eiasionic are 22,026 640 4,025 17,355 
Constant 1967 dollars’ 
1510 eae it ON aCe Rena ae $11,964 $428 $2,310 $9,226 
MOGI: Sorat aieieeres aoe Ricerca svers herentss 12,260 444 2,222 9,594 
NOG Qe ace ccarats cre ictaapew cla aaie ate aeereine 12,743 542 2,722 9,478 
UIC a omoamecsoscron uocomasD oboe 13,857 572 2,695 10,589 
ic ]e* Cancale tetas sae Co atn eo aG 14,596 593 2,809 11,195 
UC at Anca D AAR OUSE Goce SOnnOA 15,045 628 2,819 11,598 
UL CLee See come Sur AGU e MOS CO mero c 16,045 644 2,934 12,467 
UC Aas ae on eee Eieversust oleioxecstnateeeteie 16,385 629 2,915 12,841 
WOGBE Fern nvete visiora secs erable 16,803 617 3,003 13,136 
TOGO Wyte ee See MI elon ine 16,793 567 3,015 13,211 
OTOL ycystercteyste te bates Sikes ctetezate lois oka rersiexe 15,704 547 2,955 12,202 
DCA sa neeeenenticd ootonn nem anbe 15,233 507 2,815 11,910 
ei erme tntou.c nab aU OOO OIEUHE Goto ae 15,589 466 2,795 12,328 
WOLSiod ehnckonechawraebniaeaic he nborinetes 15,954 461 2,864 12,629 
IRYC (ENG) ape noose ba nnn ae oea see 15,220 442 2,781 11,992 


’ GNP implicit price deflators used to convert current dollars to constant 1967 dollars. 
SOURCE: National Science Foundation, National Patterns of R&D Resources 1953-75 (NSF 75-307). 


Table 4-8. Percent distribution of industrial R&D expenditures 
among selected industries, 1960-73 


Industry 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 
Five industry total ........... 84 85 85 86 85 85 84 84 83 82 81 81 81 82 
Aircraft and missiles ...... 33 35 35 37 38 36 36 35 33 32 29 27 26 24 
Electrical equipment 
and communication ..... 24 23 23 23 22 23 23 24 24 24 24 25 25 26 
Chemicals and 
allied products .......... 9 10 10 10 10 10 9 9 9 9 10 10 10 10 


Motor vehicles and 

other transportation 

equipmentiesccc ce cect 8 9 9 9 9 9 9 8 9 9 9 10 10 12 
Machineny) jessie eeesecenr 9 8 8 8 8 8 8 8 9 8 9 10 10 10 


SOURCE: National Science Foundation, Research and Development in Industry, 1973 (NSF 75-315) 


216 


Table 4-9a. Percent distribution of scientists and engineers' engaged 
in industrial R&D, for selected industries, January, 1961-74 


Chemicals and 


Industry 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 
Five industry total ........... 79 80 82 81 81 80 80 79 79 78 77 79 78 77 

Aircraft and missiles ...... 25 26 28 30 29 28 27 27 26 24 21 20 20 20 
Electrical equipment and 

communication ......... 25 26 26 26 26 26 27 26 26 27 26 25 26 26 

allied products .......... 12 12 12 11 11 11 10 10 10 10 12 13 11 12 
Machinery) ser acted one cess 11 10 10 8 9 9 9 10 10 11 1 12 12 12 
Motor vehicles and 

other transportation 

EsWOMMEMM Ghosnooosecose 6 7 6 7 7 7 if 6 7 7 8 8 8 8 


' Full-time equivalent basis 
SOURCE: National Science Foundation, 


Research and Development in Industry, 1973, (NSF 75-315). 
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Table 4-9b. Scientists and engineers' engaged in industrial R&D, January, 1961-74 
(In thousands) 


January 
Industry 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 
MOtaleeiercaccscic cies cues 312.1 312.0 327.3 340.2 343.6 353.2 367.2 376.7 387.1 384.1 366.8 349.9 356.6 360.6 
Food and kindred products .. OZ) Oa onli MOnGe 16:28 6:2 Gal) (6's) 6:3) G'S) 6:78 66. 1657) 618) 
Textiles and apparel ........ cil (Q). WO alee lee aS ie eG ee) es}. ales} Ue) SI 
Lumber, wood products and 
PUNMITUNO otis Scictese tore stistera cies O!S) 0!6) = O'5i= O!5)) O'S) 06) 70'S: 90'S. 0:9" NO) Akyee AGT kOe) 16 
Paper and allied products ... 2169 52:6) 215) 318) 3/8) <4!3) 47 458 34:8) 4:9) S10, 74°90)" 419) Sul 
Chemicals and allied 
Products! sccnccimesceacres ss 37.0 36.5 38.3 35.8 37.9 38.0 369 389 403 40.2 428 409 40.7 423 
Industrial chemicals ....... 2210 2G 22:9) 22!2. 24,3) 23:3) alah, s22.3 22.0) 2129) «2254 19h 1918) 220! 
Drugs and medicines ...... 6:2) 76:8" 16:9) (6:9) 72) 7-5 8a, 938) TOR aS Gs ANS Ailk2: 120 
Other chemicals .......... (EO Cul s 1G OP. Olen O4ue eey 10/0. 10:8) a/cON, (6:00 O16 010) lO enOG 
Petroleum refining and 
extraction. cieiseewiecscs sss Ela) Rik Be) Gl ow BS) Er I Sl) OE) ee ES) Ee. GS 
Rubberiproducts) s.5--.0.7--- Som, O16; 5:8) 6:0) 95:8) 95:78 95:8) 165i) 623) 6:8) 4519) 9516) 5:8) 5:7 
Stone, clay, and glass 
ProductsSe ccmemrcerriccse a 3:6) 93:7) 13'8) 93:3 3:5) 351 3:3) 4a 42) 46) 41 S19) 319), 42 
PrimanyimetalStee. sence: Be) 0)! fh Sal Se SS 8) Oo G2 Oe). Os) GO ob 2G 
Ferrous metals and 
Products2sceeec cea ccrie st SiO SO} c2:O 2G Ste 2a On Sls OtOu Olle tO! 4 Geto 4 een sal ere 
Nonferrous metals and 
PrOGUCISE eerteserreicerrviere 3:0) 3:0) o2ks 253) 2s 253i) 2:5) ie SOle Sill 2:9 216) 24 274 
Fabricated metal products? .. 816 7:4" 16:8 7.0 S66) (6:3 6i3"> 516) 46:6) 5:19) 6:9 6:4 .65, 6:9 
Machinenyacearmriscte secic cc 33:0) 735) (Sil:4> (27-3) 6294" 30'5 (33!6 437.4" 39'4" 414° 405) 4Nil 47. 74333 
Electrical equipment and 
communication ........... 79.2 82.3 85.8 89.5 87.8 92.0 98.6 98.4 101.6 102.4 95.2 87.7 926 94.7 
Radio and TV receiving 
EQUIPMENT: say ielererrs ei e.-.0 (?) (?) (?) (?) (?) () )) nO I ee eh ea) ae 38} 
Communication equipment & 
electronic components .. 47.5 52.6 55.1 60.4 58.8 62.3 66.7 67.4 67.4 663 63.6 57.2 61.5 63.2 
Other electrical 
eEquipmentterarccm- cme cee 31.7 29.7 30.7 29.1 29.0 29.7 31.0 30.0 33.0 342 29.4 284 297 30.2 
Motor vehicles and other 
transportation equipment... 19.1 20.8 21.1 23.3 241 248 25.2 243 25.0 25.1 27.8 29.3 29.2 285 
Aircraft and missiles ........ 78.5 79.4 90.7 101.1 99.2 99.3 100.4 101.1 99.9 926 78.3 71.2 72.3 70.3 
Professional and scientific 
INSIUIMIGINS cosmnscoopocded 1d 39:87 19:47 1058) 1S) 2S SiO) 4a) Ss 14:87 Sat aASal 1519) G'S 
Scientific and mechanical 
measuring instruments .. oO: 14:8 3:9) 3!8) 43i6) 43:8) SiG) 3:8) 3:9) Si 425 A 4344 
Optical, surgical, photographic, 
and other instruments ... Dae OO 2o:0 (LO Ole Oc OF4e 1OSe Ao Malet O:Oler 10:9" SliliGa ato 
Other manufacturing 
Industries) ..ccicaen nc orbrece oH) al Ps PO) PY Be) Be Pe Pi Pf SIS) EY EHS) CL) 
Nonmanufacturing 
industrieStjas-snce ce aaceees iy 1) Se Ce SB ale? ae) WAR lel GS WES e/a). CLS) 


' Full-time equivalent basis. 
? Not separately available but included in total 
3 Data included in the other manufacturing industries group 


SOURCE: National Science Foundation, Research and Development in Industry, 1973 (NSF 75-315). 
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Table 4-10. R&D intensity of U.S. manufacturing industries, 1961-72 


Industry groups 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 
Total R&D as a percent of net sales 
Gyoula ll. coasesedcosnonaonosneoscsonoadac C4 OA S00) OA) O4E Be Ete El 7) Tal = Gk) GY 
Ciov(o lll coocwgadoousne co sepscdpoosdesaoc 25) Pal Pal BP 20 Ale woo Ws les Ws) Ales as 
Gouollh seosaseucesess seomerduboobooac O68 O83 @6: O83 @6 G5 Or O38 @7 O@7 O8 Oe 
Company funds for R&D as a percent of net sales 
Ciro [| SaoadooasacnnencoustunneDooouGdc Gyo Se) RAE yl iGy NG I) SEY EG GIB) Ge! 
(Croule) IIl sscobdaoneaneooocemuapasHbogoOS Wa WSS eh aS thee SS 
Groupplll serra cise cies eceeycvacciracets 0:4 015) 10!4) 105) 105) 70!4 016 O%4. 0!4= st 0!5) ss 0!45 0:4 
R&D scientists and engineers per 1,000 employees 
(CiCupoll Sodedassosoneenonconanonadsaacor 53.0 49.8 54.0 546 526 46.2 460 447 438 440 43.1 40.4 
Ciowd lll oasoonebooonagoandadacasoonnneds areal rly aire alzeal’ Gr SE) eM) ae) I) eer Alef AGS) 
Gyouyo ll] Soustaoouodnsuoussoanpvoncboos QZ BE B44! £0 GO Ae) Ge G8 Ge ff) Ge @o 
SOURCE: National Science Foundation, Research and Development in Industry, 1973, (NSF 75-315). 
Table 4-11. U.S. patents granted for inventions, 1960-73 
U.S. residents 
All U:S. US. US. Foreign 
Year patents Total corporations individuals Government residents 
HNOGOM sci sates satel eciaiece cis cispecanicienestaraiets 47,170 40,472 28,187 11,041 1,244 7,698 
Cis. Gacaseaneaeo cdma mb necccoscanmoo an 48,368 40,154 28,351 10,330 1,473 8,214 
IGBE SacGuke sencoussonadesdnoconbonoudc.e 55,691 45,579 32,560 11,738 1,281 10,112 
ICES Shain conemancocunmmecousaboeancodus 45,679 37,174 26,632 9,521 1,021 8,505 
OO Am srceeysiecvele sichasstatavelovore aispche serene tLe y tere 47,376 38,410 27,836 9,392 1,182 8,966 
NOG Dre ce wrote ijee avisic. coke dois teeeeceteeiets 62,857 50,332 37,158 11,634 1,540 12,525 
(Os -saaoese conenoouceseedocnacsbs Smodacc 68,406 54,634 41,634 11,468 1,532 13,772 
IQ ccacharectas oa ancdenaoomreadooroodcd 65,652 51,274 38,353 11,164 1,757 14,378 
1G} cecke aemounpo one eno bEnDachoododo 59,102 45,782 34,886 9,407 1,489 13,320 
WED): Baoan coonmantonene meG avon coco succor 67,557 50,395 38,847 9,798 1,750 17,162 
1OWG).: chcode sos seeBoomdemaneeae shaoodus do 64,427 47,073 36,896 8,451 1,726 17,354 
IQA) ccddeacdorspEnphodedeeensoosdcdcane 78,316 55,988 43,022 11,019 1,947 22,328 
G2. sass Soo cuboe On I aOGUeaaaenecon abe o 74,808 51,515 38,890 10,981 1,644 23,293 
IOS sxc etoscete sooapemamepeonerannsoD 74,139 51,501 38,615 11,073 1,813 22,638 


SOURCE: Department of Commerce, Statistical Abstracts of the U.S., 1960-74. 
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Table 4-13. U.S. patents granted for inventions in major product fields, 
by groups of R&D-intensive industries, 1963-73 


R&D intensity 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 
Percent distribution 
Groupie. 66 67 67 68 67 67 67 68 68 68 68 
Groupilili-..-- 30 30 30 29 30 30 29 28 28 28 28 
Group Ill .... 4 4 3 3 4 4 4 4 4 4 4 
Number of patents 
Group! |) ere. 31,250 32,854 43,719 48148 45,595 40,862 47,340 45,749 55530 52576 52,646 
Group Il ..... 14,343 14580 19409 20,489 20,136 18372 20,298 18621 22,717 21,777 21,505 
Groupsets 1,900 1,872 2,287 2,489 2,525 2,212 2,599 2,545 3,175 3,267 2,852 
NOTE: Detail may not add to totals because of rounding 
SOURCE: Office of Technology Assessment and Forecast, U.S. Patent Office, special tabulations 
Table 4-14. Distribution of major U.S. innovations, by size of company, 1953-73 
Size of company 
Less than 10,000 
100 100-999 1,000-4,999 5,000-9,999 or more 
Period Total employees employees employees employees employees 
Percent distribution 

ACKER acaneeddaoo ceaolds 100 19 23 14 6 38 

NIG 5S-5O bse cpa rerne coe 100 20 24 14 9 32 

WOGO=GG6) Seiccse ag ctanre ets 100 22 23 14 5 37 

MO GTS! ves ccteiieisieve cts 100 18 21 13 3 45 

Number of innovations 

NOS S-135 epte che recciatee chines 277 54 63 38 16 106 

1953259) Goce scsiencssrecsters 90 18 22 13 8 29 

i S6O-G6M eitcteysietcee 93 20 21 13 5 34 

NOB TEV B ox. oS citisinenoen 94 16 20 12 3 43 


NOTE: Detail may not add to totals because of rounding 


SOURCE: Gellman Research Associates, Inc., /ndicators of International Trends in Technological Innovation 1975. (A 


study commissioned specifically for this report). 
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Table 4-15. Major U.S. innovations per $10 billion in 
sales, by size of company, 1953-73 


Size of company 


Less than 10,000 

100 100-999 1,000-4,999 5,000-9,999 or more 
Period employees employees employees employees employees 

Innovations per $10 billion in sales’ 
NOSSO beret crcieiscteiare Sieve ete eters tis s/alepeyeies 3.1 3.2 2.7 2.5 2.3 
IWEHSS: Sopusto bo doceeseraaee ease AK 3.0 2.6 2.1 1.3 1.9 
NOG HTS datcrorstate cveleroxs.cvsisiciovsn/aisisteccerseis st 2.0 2.0 1.6 6 1.6 
Sales and receipts of U.S. manufacturing 
Year? industries (dollars in millions) 

WEE): <aeodods seamen copeopooonsobonooe $57,930.0 $68,996.1 $48,770.6 $31,756.5 $124,380.1 
(CES Ses cond whoo pono naooodae SseeenanS 67,760.1 82,332.5 63,146.9 37,888.2 179,990.6 
NOG Zin eisteletsiacsicteccusisieve class cvtacnsustecayeesia wis 78,830.4 99,451.5 75,464.5 47,917.1 275,193.2 


' The number of innovations can be found in Appendix table 4-14. 


* Data on sales and receipts of U.S. manufacturing industries by company size are available only for years 1958, 1963, and 1967. 


SOURCE: Gellman Research Associates, Inc., Indicators of International Trends in Technological Innovation, 1975. (A study commissioned specifically for 
this report), and Department of Commerce, Bureau of the Census, Enterprise Statistics, 1963 and 1967. 


Table 4-16. Distribution of major U.S. innovations, by 
groups of R&D-intensive industries, 1953-73 


Period 


R&D intensity 
Total 
innovations Group | Group Il Group III 
Percent distribution 
100 66 24 10 
100 52 32 16 
100 67 17 17 
100 71 24 5 
100 78 15 U 
100 66 25 9 
Number of major innovations 

277 182 66 29 
69 36 22 11 
36 24 6 6 
58 41 14 3 
46 36 7 3 
68 45 17 6 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: Gellman Research Associates, Inc., Indicators of International Trends in Technological Innovation, 1975. (A 


study commissioned specifically for this report) 


D2, 
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Table 4-17. Major U.S. innovations in 
selected industries, 1953-73 


nee EEE EEE SS 


Number of 

Industry innovations 
Electrical equipment and communication . 53 
Chemicals and allied products ........... 45 
MECN A cccccosdsconcsuusoogsesenacacs 44 
Professional and scientific instruments ... 29 
Stone, clay, and glass products .......... 18 

Motor vehicles and other transportation 

Go Wifolieinh® soaeenooodccenecncccoocoDouG 18 
Primmanyammetals cra a is cre a aie ctere afetel=teiaeletantai>.« 17 


Rubber products) 2.20.0 ccc mice erwiwiee ae=i 15 
Aircraft and missiles .................... 11 
Fabricated metal products ............-.. 10 
Petroleum refining and extraction ........ 5 
MEXTUESHANGSAP DANS cesccererrei chet aratersiarttere “ 
Paper and allied products ............... 4 
Food and kindred products .............. 2 
Lumber, wood products, and furniture 2 
fetes oe ee Ee eee 
SOURCE: Gellman Research Associates, Inc., Indicators of International 


Trends in Technological Innovation, 1975. (Astudy commissioned specifically 
for this report) 


Table 4-18. “IR-100" award-wining innovations, by groups 
of R&D-intensive industries, 1963-74 


1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1963- 


Industry 74 
Percent 
Grouplittotalitseee hr cisnecwc sevice wemeeck 63.0 68.0 69.0 65.0 62.0 650 580 598 647 539 559 584 61.9 
Chemicals & allied products ................ ING NOS 7S) TOG A TEI) Weis) SIGE I? RIG a e7/ 
WEGUIGN? sevconoonone Sacenee oe semeecns él il 7s} GS} di) Gis} e) tt) 
Electrical equipment & communications ....... 43.2 36.7 329 434 442 481 360 304 421 250 297 333 37.1 
AlretattreamisSneSactecrtoccor = aces sc ccmsecrs RY) Pe tie) YS Os SIG) i} AG — 14 14 34 
Professional & scientific instruments ......... 176 266 317 184 169 143 187 203 250 264 284 278 227 
SACU sagan eeh sees set usooeb oop SRE TUE A TS TSS 
Petroleum refining & extraction ............. 2a — — eS Sh eS 38) isi 28 2451 — 15 
RUDDeMDIGUUGIS ese at iasee. clociinern this _ _ — =! 26 13h ish 25 — — 14 14 #409 
Stone, clay, glass & concrete products ........ él Ge) dt) Ge} DG G7 G8) SB} CO O/) eh GS) 
Fabricated metal products ................. — 13 oo = 23 73 Ns) lsh NS! — 14 #14 #11 
Motor vehicles & other 
transportation equipment ................ 27 is) Gil GG SIO) GY Sis) sei eA Ct erat ade 
Gretnliftotaeee ses aes och Tease bee VERIO MPAONE AOI NG20F 30) “20 s2010e 39) 20 sOmmGomnaiomc a5 
Food & kindred products .................. — 25 — — 13 —- 13 — — — _ — 04 
flextiles?&rapparell nies aasecictsios Sac cies: _ — 12 — - -— - — — 14 14 — 03 
Lumber, wood products & furniture .......... — — = _ — _— _ — = — = =~ — 
Rapes allied [products  &-:<.ccs.0. woes oon 14 — 12 = 3 13 = 0 aloe 42a Od oe 26 19) 
BramanyimetalS: ser os eerie tss,0 store eetraeere A PDS. Bh OG. ee) sey ay ey ay iL opal) 
eee meen ere wee Number ob awariss OP ee eee 
Total eer ans ioe rain 100100" 100) 100 100) 100) 100) 1025 {1021025 102 1011208 
Groupplitotali ces: acess was emas es er a pete cs) eeod e699 035 62", Bb 9B Gl 66 eS eon oe ee 
Chemicals & allied products ................ 10 8 6 8 6 10 10 12 9 12 6 10 107 
Machineiyaere tines cocci er ae 4 8 6 4 4 4 6 7 4 6 7 4 64 
Electrical equipment & communications ....... 32 29 27 33 34 37 27 24 32 18 22 24 2339 
(Mi@piLeCUiNESIES saeco coceuseteeeecon an 4 2 4 6 5 3 1 2 2 — 1 1 31 
Professional & scientific instruments ......... 13 21 26 14 13 11 14 16 19 19 21 20 207 
Groupilltotaliter0.e.c.s:. iets sscaieeeecrrae 8 7 9 9 12 10 15 14 8 12 10 Oo 178} 
Petroleum refining & extraction ............. 2 oa — _ 1 1 1 3 1 2 3 _ 14 
RubhetproductSicss..-.25:.sc cic erere oe are — — = _ 2 1 1 2 — _ 1 1 8 
Stone, clay, glass & concrete products ........ 4 5 4 4 4 2 5 5 4 7 4 5 53 
Fabricated metal products ................. — 1 i 7 2 2 1 1 1 — 1 1 10 
Motor vehicles & other 
transportation equipment ................ 2 i 5 5 3 4 7 3 2 3 1 2 38 
GFOUPYUUtOtAl Weis sole sieve s< sseue > ersryoalarean ete 3 4 4 2 3 2 2 4 2 5 7 4 42 


Food & kindred products .................. = 2 _ _ 1 _ 1 _ _- ~ _ _ 4 
Hextilesreqappalell cer oss ccny-evsvace comme _ _ 1 = ~ = _ — — 1 1 — 3 
Lumber, wood products & furniture .......... _ _— — — — — — —_ — _ _ — _ 
Paper & allied products ................... 1 = 1 _— 1 1 _— 3 1 3 4 2 17 
BrimahvamnetalSi mts iacr citys -fo..c.sc acre esrteteens 2 2 2 2 1 1 1 1 1 1 2 2 18 


eee 


| Industrial Research Magazine's annual awards for the 100 ‘most significant new technical products of the year.” 


SOURCE: Battelle Columbus Laboratories, Indicators of the Output of New Technological Products from Industry, 1975. (A study commissioned specifically for this report.) 
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Table 4-19. Mean time in years between 
invention and innovation, by groups of 
R&D-intensive industries, 1953-73 


1953- 1953- 1960- 1967- 
R&D intensity 73 59 66 73 
All manufacturing 
industries ..... 7.3 7.8 6.9 7.2 
Group lit sscns: 6.3 6.1 6.8 5.9 
Group ll) 3. 5.-- 8.4 8.5 13 9.3 
Groupilll) 2252257 11.1 12.1 (") 12.0 


SS EEE 


1 Insufficient number of innovations for determining mean 
SOURCE: Gellman Research Associates, Inc., Indicators of International 


Trends in Technological Innovation, 1975. (A study commissioned specifically 
for this report) 


Table 4-20. “Radicalness” of major U.S. innovations, 1953-73 


Basis of innovations 1953-73 1953-59 1960-66 1967-73 


Percent distribution 
by basis of innovations 


ARO rosooannoduacaongonesuuccadoast 100 100 100 100 
Improvement of existing technology ....-. 41 45 38 41 
Major technological advance ......-.---- 32 19 34 41 
Radical breakthrough .......---++-++++:- 27 35 29 18 

Number of innovations 

TROY Ghocoavoogsonnduoooavagensessoc 208 62 80 66 
Improvement of existing technology ....- 85 28 30 27 
Major technological advance .....-.----- 66 12 27 27 
Radical breakthrough .........-+++e+++: 57 22 23 12 


(ie Se 


NOTE: Detail may not add to totals because of rounding 


SOURCE: Gellman Research Associates, Inc., Indicators of International Trends in Technological Innovation, 1975. (A 


study commissioned specifically for this report) 


Table 4-21. “Radicalness” of major U.S. innovations, by 
groups of R&D-intensive industries, 1953-62 and 1963-73 


Basis of innovation and R&D intensity 1953-62 1963-73 
Percent distribution 
WOE scaconoadocoudnmooopesb doccondbnudodoDnEEdagEodae 100 100 
Group | 
Improvement of existing technology ................----- 24 25 
Major technological advance ............... cece rece eee 20 30 
Radicalibreakthroug lite -rrerccrrctercrcterte etetsterchateteroietereloloreretetovera ere 23 14 
Group II 
Improvement of existing technology .................+-5- 13 9 
MajontechnologicaliadVanCe) ec vetiveriers «cclcrerraiers ss cfetahelojarelel- 4 6 
Radicalibreakthnougii meen sscrirsicierretelotetereereisice yrs scat ofercs 4 it 
Group Ill 
Improvement of existing technology .............+.+-++5- 6 5 
Majortechnological’ advance) 152.6. ov. tercicieetniaicicnee see 1 1 
Radicalibreakthroug hee -prscieicriieeriieicissleieeiialeiicicieis cr 5 2 
Number of innovations 
UE eodudooccostasocos0ovadnoocoobbodouoUmOdODNbE SERS 96 112 
Group | 
Improvement of existing technology ............+--+++++- 23 28 
Major technological/adVanGe: rics jie. ciate fet ein'e oiclei aie e' 19 34 
Radicalibreakthnougintecterrecrrttettetetstcleisessteteiolelotete’e «i clelersy fot 22 16 
Group Il 
Improvement of existing technology ..............-++.4-- 12 10 
MajortechnologicaliadVanGes eye ter 1-)jere'= elerets!s/)o)oXe.e/orerw inser 4 7 
Radicalbreakthnoug series ciciter cle clr eieteiofel lei ielerei= =re/e <r efe)=.« 4 8 
Group III 
Improvement of existing technology ..................--- 6 6 
Major technological advance ..............0 cece eee eeees 1 1 
Radicallbreakthnoughiprcrariccreerorrcterictolclersseletetes are soue ferns eteters)=,is 5 2 


NOTE: Detail may not add to totals because of rounding 


SOURCE: Gellman Research Associates, Inc., Indicators of International Trends in Technological Innovation, 1975. (A 
study commissioned specifically for this report). 


Table 4-22. Sources of technology underlying 
major U.S. innovations, 1953-73 


Source Frequency' 
Applied research ...............0.. 205 
Basicaresearciiiveiciiesicicicie ololelreses 109 
Technology transfer? .............. 77 
WICENSING! Sa pscseereeeite ides ees Tesi: 12 
Purchase of “know-how” .......... 8 
Acquisition/merger ..............-- 0 


‘ Multiple responses were accepted 
? From within the innovating company 


SOURCE: Gellman Research Associates, Inc., Indicators of International 


Trends in Technological Innovation, 1975. (A study commissioned specifically 
for this report) 
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Table 4-23. Research underlying major U.S. innovations, 
by groups of R&D-intensive industries, 1953-73 


Total Applied Basic 
R&D intensity innovations research research 

Percent of innovations in each group 
All manufacturing industries .......... (‘) 74 39 
GOUPUI). J. feiewistinposeesiovensus'e tasversieters es iene (*) 76 44 
Group! ll 255... Soteess seis a secre cine ecms (‘) 70 32 
Groupr tN acreprccvore eestelecus stores lets (‘) 69 28 

Number 

All manufacturing industries .......... 277 205 109 
Groupil! qaeea-ctersncncistayetenicisecersetsie/ow stave 182 139 80 
Groupillin catisaticton ctr ceecien 66 46 21 
Giroupyltl ose starch esi svteresrrees penises 29 20 8 


1 Multiple responses were accepted; therefore, these percents add to more than 100 percent. 


SOURCE: Gellman Research Associates, Inc.,/ndicators of International Trends in Technological Innovation, 1975. (A 
study commissioned specifically for this report). 


Table 4-24. Research underlying major U.S. innovations 
and “radicalness” of innovations, 1953-73 


“Radicalness” of Total Applied Basic 
innovations innovations research research 


Percent of innovations in 
each category 


Improvement of existing 


Ute ollole hs anacooodgesoonmonoedhanoo (4) 96 45 
Major technological advance ......... (‘) 94 48 
Radical breakthrough ................ (*) 94 68 

Number 
Improvement of existing 

LECHINOIOGY). “sicretesets eles ejersesie cietarevere sietere 80 77 36 
Major technological advance ......... 65 61 31 
Radicalibreakthroughl js... sic icere ere 53 50 36 


‘ Multiple responses were accepted; therefore, these percents add to more than 100 percent. 


SOURCE: Gellman Research Associates, Inc., Indicators of International Trends in Technological 
Innovation, 1975.(A study commissioned specifically for this report). 
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Table 5-1. Estimated percent distribution of doctoral scientists, 
by field, 1966-73 


Percent 
Field 1966 1968 1970 1973 
MRO tal ereje.dlecaie x ayesha see aries arcisiareitisie soavsienite see eel nls 100 100 100 100 
FIMWOCESCEMMEIS Gis coo agocnonsadonagaocuHnoue 45 44 42 31 
GIOMISTS: a8 wis vecsriss crotrestennetetae seve eevee oie oes 27 26 24 16 
Physicists and astronomers .................- 13 13 13 9 
Earthy Scientists: 41. joc'<:c's.e1e syiecte ose ielsieie'= «is e7acs 5 5 4 5 
Atmospheric scientists ..........-------+2--- 1 1 1 (") 
Mathematical scientists ..............0..eee eens 7 8 8 8 
WIReYSCIOMLIStS! oc c-s2e aiatsiacs ayans wlaloietareeyeoamistsetessctels 19 22 22 31 
Biologicaliscientists#:- a... eecieceeene 17 20 19 25 
Agricultural/scientistS: ci.cciiiee a erraerereracrieere 3 2 2 6 
PSViel nollole| 5 See peocasenrmacaneavccoosenncad aD ree 14 13 14 14 
SOCIAaliSCIENUSIS! Gaenyelsctiae eect ceutical 15 13 14 16 
ECONOMISIS heprctasceerocie ete eee 6 6 6 5 
Sociologists and anthropologists ............ 4 4 4 4 
Othersocial/scientists) 22.4. oases sacle ei erie 4 4 4 8 
NOTE: Detail may not add to totals because of rounding. 
‘ Less than 0.5 percent. 
SOURCE: National Science Foundation, special tabulations. 
Table 5-2. Distribution of employed doctoral scientists and engineers, 
by employment sector, 1973 
All doctoral 
scientists 
and engineers Scientists Engineers 
Employment sector Number Percent! Number Percent! Number Percent’ 
MO tale Aree sitteeieetch is t)d ce cisloane ee cchormebtc aes 226,750 100 190,563 100 36,187 100 
BUISIMeSS GciMGUSthysscreccrscrctyteie ciateperenctetere 50,022 22 32,674 we 17,348 49 
Educational institutions ................. 132,692 59 119,670 64 13,022 37 
Four-year universities 
Eel COIESIES Sanoecanannpoooonoooceoc 128,095 57 115,224 61 12,871 36 
mWwo-year Colleges |... .c:csiiae ctisiorere 3,061 1 2,920 2 141 (?) 
Elementary and secondary 
SCMOOIS Ftc tecssevsveis:nisicisels sisters terest gece 1,536 1 1,526 1 10 (?) 
TIOSDILAISTOAG IMCS rsvei-ce spars wetereereer tren 5,714 3 5,651 <3} 63 (?) 
Nonprofit organizations ................. 7,853 4 6,562 3 1,291 4 
COVGIIMGIE gansconSedeoobonbocendaanoes 23,543 11 20,027 11 3,516 10 
FeCl 5 A6co6onemodsaunonpoarsodaebo to 19,624 9 16,371 9 3,253 9 
Staten seri ccnsiiins ccc s panctensiareteitees 2,597 1 2,455 1 142 (?) 
OU > .asee som eeaoaah ere aac caors 1,322 1 1,201 1 121 (?) 
Other employment sectors .............. 3,390 2 2,964 2 426 1 
Employment sector unreported .......... 3,536 = 3,015 _— 521 —_ 


’ Excluding those whose employment sector was not reported 
? Less than 0.5 percent. 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, Characteristics of Doctoral Scientists and Engineers in the United States, 1973, Detailed Statistical Tables (NSF 
75-312-A). 
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Table 5-3. Distribution of employed doctoral scientists and engineers, 


by primary work activity, 1973 


All doctoral 
scientists 
and engineers Scientists 
Primary work activity Number Percent! Number Percent’ 

WO tal a ceeie svaecicsr tris emiteetcserets 226,750 100 190,563 100 
Research & development .............-.. 69,509 33 56,325 32 

Basiciresearchiasssrerctsncteistarveirsteinreiseers 32,275 15 31,213 18 

/Noy\ ftohiGSceiclh) wancenncecctdnodencoe 28,654 14 21,604 12 

Development & design ............-+-- 8,580 4 3,508 2 
Management or administration ........... 40,408 19 30,851 17 

OFIR GD! <. oes eyecare were aies uals @ ereisiotes 22,529 11 16,212 9 

OthemthaniR& Dre er eminent serra 12,097 6 10,049 6 

Bott 2. ciscretenistsrn sr oyets tielsieueve sre ieeane ree 5,782 3 4,590 3 
WERCIIING) en cocSugduounbeunoeondoaddacds 81,728 39 72,770 41 
(Gemewihiits) Soodasudoocendconsueascoodsac 4,014 2 2,847 72 
SEES scsucsnonposadcocndocodboadosso0ncce 8,242 4 8,017 5 
Other primary work 

ACTIVITIES! BPs 5) sface)s sisseie sartpe wisiarsiaca ates os sys 6,939 3 5,716 3 
Primary work activity 

Wino] cusgasosnocrssonaooobpaadc] 15,910 _ 14,037 _ 


’ Excluding those whose primary work activity was unreported 


NOTE: Detail may not add to totals because of rounding 


Engineers 
Number Percent’ 

36,187 100 
13,184 38 
1,062 3 
7,050 21 
5,072 15 
9,557 28 
6,317 18 
2,048 6 
1,192 3 
8,958 26 
1,167 3 
225 1 
1,223 4 
1,873 — 


SOURCE: National Science Foundation, Characteristics of Doctoral Scientists and Engineers in the United States, 1973, Detailed Statistical Tables (NSF 


75-312-A) 


Table 5-4. Estimated percent distribution of doctoral scientists, 
by primary work activity, 1966-73 


Primary work activity 1966 1968 1970 1973 
AMO tal eave cts ens eyeastees cvsvevsrenckte tees eters teenie rete sectors 100 100 100 100 
Research and development .............-..---- 42 40 38 32 
Basiciresearchitn.: vac nctine arte eree 27 25 23 18 
Applied research crieresicstas veces ine Seer ieicre ctere 13 14 14 12 
Developments eeciiecict eases sista seelsyaerers 2 1 2 2 
Management or administration ................. 20 20 20 18 
hil 1D) > SoS aOReeeMeOAaa ods honoda SAA eAaeaene 13 12 12 12 
OtherthaniR&D, soc ycasaseve science sacle 7 8 8 6 
WiGACHING se crewtecc.s sis one eee eae ieseion erence 30 32 35 41 
ONO Wiscacemtctdcicies oisnc trae epee or sisicve wise coereioieyale ie 8 8 7 9 


NOTE: Detail may not add to totals because of rounding 


SOURCE: National Science Foundation, special tabulations 
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Table 5-5. Scientists and engineers employed in universities 


and colleges, by field of employment, 1965-74 


Field of employment 


All scientists and 
EMGIMESS arc terarevveisyesicis says sever stele yotanueveiesee 


EMGIMCeSwrreircsieie. a ccscrisnre ts eGresrenee 
PACHONAU Galle siccpeive io aerotins cistron 
ChemicaliRecet.e conyers sutasts atciersic ores 
(OI soso bin SDS ORO sear Ones 


Mechanical ejeieras erste sists siesa:s cere otaysie se ate 
OMEMENGINGEIS? 2 vies see waar ce sieiciee Ss 
ENVSICAIISCIONUStS) cpictraer icra fe aie ater tele 
(CINE Siro dobar a oosetocn etcetera neces 


ENYSICIStS warts ee etcterctontecici iene ne 

Other physical scientists .............. 
Mathematicians and computer 

SCIEMUSS Sap eadecann aotearoa apm re 


PNG TUG UUTU Tal liser cps areyey-ateves ccss= ava cise avers eects 
BiologiCalie panseetihieccriieciie see 
MOGIGal Rie crt cis ecerocte cone cere ieee 
RSYGHOIOGISISW Ss. ciccistieoa sissies sis oe eecres 
SOGIAINSCIOMTSTS s cicrecctcic sic crores eietersieisiece 
EGCOMOMIS{Sweteettcce criss cesses 
SOCIOIOGISTS ios -areeerserstetite oncesiennsiete 
Roliticallscientists) <2). «eter cists str seeer 
ERISTONIAMS eyetersiontorcve ios csere eve eeecrsvetoveteneine 


1965 


1967 


212,855 


25,253 
1,360 
1,565 
3,660 
6,563 
4,638 
7,467 

31,354 

12,961 
5,111 

11,127 
PEAS 


17,776 
87,347 
14,950 
27,419 
44,978 
11,358 
39,767 
9,662 
7,558 
7,190 
NA 
15,357 


January 

1969 1971 1973 1974 
246,183 273,775 282,631 288,085 
25,387 27,130 27,454 26,779 
1,357 1,469 1,469 1,215 
1,735 1,843 125 1,720 
3,894 4,129 4,450 4,468 
6,803 6,885 6,936 6,451 
4,812 5,387 5,220 4,884 
6,786 7,417 7,654 8,041 
33,698 35,943 37,257 38,009 
14,201 14,688 15,427 16,058 
5,549 6,500 6,943 7,457 
11,766 12,195 12,225 12,110 
2,182 2,560 2,662 2,384 
22,495 24,548 24,931 26,970 
97,206 110,274 112,919 115,801 
15,150 18,039 15,232 14,307 
29,257 31,808 33,777 35,431 
52,799 60,427 63,910 66,063 
14,780 16,806 19,070 19,760 
52,617 59,074 61,000 60,766 
10,402 11,263 11,408 11,932 
9,451 11,323 12,634 12,871 
7,919 8,938 9,803 9,834 
14,427 15,871 16,416 15,802 
10,418 11,679 10,739 10,327 


‘ Includes atmospheyic scientists and oceanographers 


SOURCE: National Science Foundation, Manpower Resources for Scientific Activities at Universities and Colleges, January 1974, Detailed Statistical 


Tables (NSF 75-300-A) 


Table 5-6. Scientists and engineers' employed in universities 


and colleges, by level of attainment, 1965-74 


January 
Level of attainment 1965 1967 1969 1971 1973 
VOT) i233 856 oa tine aoe Re Ee icmae Sa tntnca G 178,904 212,855 246,183 273,775 282,631 
PRED MANGISC!D a aisle opns-erels bavoio cxeysieye wreterors 74,278 88,876 107,297 123,474 133,943 
MUD Elite} (DUDES Stacey aeerner goo mae ter rcks 33,524 38,695 41,734 46,529 47,779 
Maste ns aerate cieicissce aweie cieteiau sea ninie seine 52,380 63,161 72,820 78,939 75,828 
Bachelor's or equivalent ................. 18,722 22,123 24,332 24,833 25,061 


1974 
288,085 


138,984 
47,764 
76,723 
24,614 


' Full-time and part-time 


SOURCE: National Science Foundation, Manpower Resources for Scientific Activities at Universities and Colleges, January 1974, Detailed Statistical 


Tables (NSF 75-300-A), and special tabulations 


Table 5-7. Number of academic scientists and engineers, 


by primary work activity, 1965-74 


January 
Primary work activity 1965 1967 1969 1971 1973 1974 
UOC oS oeanogusdaesananatle cman nbaodoan6 178,904 212,855 246,183 273,775 282,631 288,085 
Die clhine een naceoeoreee coseratrcccsseccs 121,991 147,846 174,623 200,317 216,200 223,038 
Research and development .............. 40,003 44,603 47,384 48,544 46,735 48,490 
Otheniactivities, 2esikw cece: eee oe niocee oe 16,910 20,406 24,176 24,914 19,696 16,557 


SOURCE: National Science Foundation, Manpower Resources for Scientific Activities at Universities and Colleges, January 1974, Detailed Statistical 
Tables, (NSF 75-300-A), and earlier volumes. 
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Table 5-8. Tenured faculty as a percent 
of all faculty in doctorate-level science 
and engineering departments, by selected 
fields, 1974 


Percent with 


Field tenure 

All science and 

engineering fields: =... -...... 2... 70 
Chemical engineering ............. 81 
PIYSICS)®) «i. cierentcecictvtetslerorsis sterner telcsie 78 
Electrical engineering ............. 77 
Botaniye c.accecisaicters.atais tvs sccreustevessvenccoveys 77 
Chemisty. csae cies sor eetncttes ale 
GeOlOGy wiicc oe cece srorerts ss seven 75 
(4o\o) (oyo RSA SeROASOO DADO OROD OS 71 
BiQlOGY, :- tosesoeiss wckcssaters spsisietovs suse sere 69 
EConomiCSia-ceccer cence: 67 
Mathematics: sci -sttctleseorrcicct 67 
Biochemistny, secs rere ne 66 
Microbiologyi ware crete oteretennelssieate 65 
Psy. chology: seacnita- sce lecitterierce 63 
SOCIOIOGWs = a eaters celine omer eee 60 
Bhysiologys sca aac como eee 59 


SOURCE: National Science Foundation, Young and Senior Science and 
Engineering Faculty, 1974: Support, Research Participation, and Tenure (NSF 


75-301) 


Table 5-9. Doctoral scientists and engineers, by age and 
type of employer, 1973 


Business and Four-year colleges Federal 
industry and universities Government 
Age Number Percent Number Percent Number Percent 
Theil sae cho scdus pe poe ee SeRerOnOspooEoaes 50,022 100 128,095 100 19,624 100 
UliChar SO) Sas Sh once odaanebposupecnnaneddas 1,976 4 6,087 B) 999 5 
ESA ermine te ot ccicys eve ciel oie bie evcioieccleweicieyertne's 11,855 24 29,234 23 4,067 21 
SUREL) 5. Oobcenas SUNOCO ene aD DRE eet 10,201 20 24,960 19 3,683 19 
AAA eee ee ere elcicleiccicioss o's Sis oie ais sles oes 8,117 16 20,626 16 3,108 16 
CGE Le) Uso dis 6 GARE RO UO Ro AoE Ee CREO 6,445 13 17,129 13 2,890 15 
BO RSL soe Salas Soren COO OE ODOT eee 5,696 11 13,253 10 2,295 12 
SHEE) 5.5 be sw aco Nee OOOO ODEO DRO BOSNAG 3,412 7 8,572 7 1,493 8 
GOR CAs serrocreictcte wists wreieic ats evel clbin dein wieitiecois s-s 1,600 3 5,090 4 672 4 
AS OF OME SSancnsonda no edees do uomerosedS 652 1 2,981 7) 384 2 
INID TQ cuaistise shadoncgpssounadodosoede 68 (‘) 163 (") 11 (1) 


' Less than 0.5 percent. 
NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, Characteristics of Doctoral Scientists and Engineers in the United States, 1973 (NSF 75-312) 


Table 5-10. Postdoctorals and research assistants in science 
and engineering departments at doctorate-granting institutions, 
1967-74 


(Index: 1967 = 100) 


1967 1968 1969 1970 1971 1972 1973 1974 
PoOstdoctoralSh ae ceccteri voier=.c 100 104 vals) 114 120 131 123 121 
Research assistants ......... 100 99 98 98 93 94 96 100 


i EEE ST 


NOTE: The indices for 1967-71 are estimates based on applications submitted to NSF for its departmental traineeship program. Indices after 1971 were 
collected by the "Survey of Graduate Science Student Support and Postdoctorals” for matched departments. 


SOURCE: National Science Foundation, special tabulations 


Table 5-11. Doctoral scientists and engineers by type of R&D 
activities and by field, 1973 


Physical Mathematical Life Social 
Activity Total scientists Engineers scientists scientists scientists 
MOU Ss ceo code Unde CD OR GeO eRnmono seenn 97,820 32,710 20,693 4,329 34,427 5,661 
RMESCALCIpemeetitc tafe ecoiacicinrw cicislelsiavess/ecetes 60,929 21,288 8,112 2,133 25,231 3,565 
Developments cicccn ci.cvss sci cicicte cine sles 8,580 1,962 5,072 728 660 158 
Management of R&D .................2.- 28,311 9,460 7,509 868 8,536 1,938 
Percent distribution 

TOE! obec so.n8 ce cane Ces eannOenenEor soo 100 33 21 4 35 6 
ReSeanchieyeetrettetsrer icicle sve ci ciesnsveleerersiepsiote 100 35 13 4 41 6 
DeVelOpimemtirser ieievccia acco musiac-cd cyevereieierers 100 23 59 8 8 2 

3 30 7 


Management of R&D ..................-- 100 33 27 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, Characteristics of Doctoral Scientists and Engineers in the United States, 1973 (NSF 75-312). 


Table 5-12. Doctoral R&D scientists and engineers, 
by type of employer, 1973 


Business 
and Educational Other 
Total industry _ institutions Government employers 
All scientists 
and engineers ...... 97,820 37,474 33,876 17,274 9,196 
Scientistsis-eeeaerecr 77,127 23,734 31,040 14,625 7,728 
Engineers) .-).<14--- 20,693 13,740 2,836 2,649 1,468 


Percent distribution 


All scientists 


and engineers ...... 100 38 35 18 9 
Scientistste-emsceaa: 100 31 40 19 10 
Engineers .......... 100 66 14 13 7 


SOURCE: National Science Foundation, Characteristics of Doctoral Scientists and Engineers in the United States, 1973 


(NSF 75-312) 
Table 5-13. Doctoral R&D scientists and engineers, 
by field and type of employer, 1973 
eee ne ee ee ee ee ————————————— 
Business 
and Educational Other 
Field Total industry institutions Government employers 
SG taller’, Arta ci tc eae eaters cher entero 97,820 37,474 33,876 17,274 9,196 
Phiysical’scientistsy ea.ceiceriticee < 27,445 15,426 5,980 4,043 1,996 
Mathematical scientists ............... 4,329 1,476 1,967 629 257 
Environmental scientists’ ............. 5,265 1,259 1,577 1,956 473 
ENGInGenSs sc mssverersoictrcct crete acer 20,693 13,740 2,836 2,649 1,468 
LEVFETSGIOMEISTS oe ercgere yee oterere eversiererseieicoiajes 34,427 5,133 18,480 6,870 3,944 
SocialiscientistSamsncceeerissctee cee 5,661 440 3,036 1,127 1,058 
Percent distributions 

MOtall sek eeencis cise pissing Susie ate sears 100 38 35 18 9 
PhysicaliscienmtistS svecmetr.cmiecerccte ria 100 56 22 15 7 
Mathematical scientists ............... 100 34 45 15 6 
Environmental scientists! ............. 100 24 30 37 9 
EM@NMNEGS “cogsnoocoanonopopsoosucoons 100 66 14 13 7 
Lifefsclentistssaaersome cco: sisistris seniors 100 15 54 20 12 
SocialiscientiStsrcrteromet cmon tlsraciet 100 8 54 20 19 


a 


' Includes earth scientists, oceanographers, and atmospheric scientists. 
NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, Characteristics of Doctoral Scientists and Engineers in the United States, 1973 (NSF 75-312). 


Table 5-14. Young doctorate faculty’ 
investigators’ as a percent of all faculty 
investigators, by selected fields, 
1968 and 1974 


Selected fields 1968 1974 
Biology sor. <ieeisisc sjemeriecie ener 33 28 
GMEMIStHY: sei cie sc crenreeitesieveremiores 38 22 
Economics acerca cee cece 41 34 
Electrical engineering ............. 48 28 
Mathematics is .2:1mtremieticrarercerac 54 38 
PIRYSICS® « siecin5.2saiss's oerave/eiesreniareiers oars 42 19 
RSYChOlOGWar-temietrereteiser-ttrertertster ster 45 40 


' Those who had held doctorates seven years or less at the time of each study 
? Spending 20 percent of more of their time in research 


SOURCE: National Science Foundation, Young and Senior Science and 


Engineering Faculty, 1974: Support, Research Participation, and Tenure (NSF 
75-302) 


Table 5-15. R&D scientists and engineers’ employed in industry, 
by source of R&D funds, January 1967 and January 1974 


(In thousands) 


Federally Company 
Total supported supported 
Industry 1967 1974 1967 1974 1967 1974 
IGiGl), soApnwe haR eGR RDB Doce aee nt onen 367.2 360.6 161.3 111.0 205.9 249.6 
Electrical equipment 
AMGACOMM|UIIGALION| eerevers ric cvsicveleiniosereieress 98.6 94.7 51.9 39.3 46.7 55.4 
INR CEIIC] MIESIES: Soscueeenoasoss doooe 100.4 70.3 80.3 47.7 20.1 22.6 
MECNIIGN?: tasbot cece Speen peace Renee Sn oe 33.6 43.3 7.8 6.7 25.8 36.6 
Chemicals and allied 
PROGUGISmiie ces oe oi cc Sora sie soe nees 36.9 42.3 3.6 2.5 33.3 39.8 
Motor vehicles and other 
transportation equipment .............. 25.2 28.5 6.4 3.7 18.8 24.8 
INOUE CU ES spss soseeneecasopuses 72.5 81.5 11.3 Wiley 61.2 70.4 


' Full-time equivalent basis 


SOURCE: National Science Foundation, Research and Development in Industry, 1973 (NSF 75-315) 


235 


Table 5-16. Average unemployment rates, 1963-74' 


Total Scientists Engineers 
labor Brotessionalland). sesesnsneeen nents 
Year force technical workers Total Doctoral Total Doctoral 

AGGSs Auinceee ee eicoe ee 6 bea see 5.7 1.9 NA NA 1.2 NA 
VWOG4S: oe ecieeess oe oes cl Stk cece eS Sal 1.8 NA NA 1.5 NA 
MOBS ccs oeapeesrers ree ie es etefeaciee ss siaeoie seep ees 4.6 1.5 NA NA Usu NA 
OGG haere sc icen ttetnscie ss ciwwictometelerae 3.9 1.3 4 NA =f NA 
aC era S OREO So Rite re aa uc Do Bed ShI/ iss} NA NA 6 NA 
HOGS r wes gneite Seis ewcidisan se cicte ce eeres 3.6 1.2 9 5 7 NA 
NGO Fie eee Sh ciccasant a cppoelera io mee ere arene 3.5 1.3 NA NA 8 NA 
CTA) cay anener too Somme ocate iss meenetc 5.0 2.0 1.6 9 2.2 NA 
(UOT ALD eeeeni amie ne ON ccens da caeeeC Sar SCC 6.0 3.0 2.6 1.4 2.9 1.9 
TOV 2 este on ecu tanec sein eae tia so careers 5.6 2.4 NA NA 2.0 NA 
NOUS Ae a cise certo re saeco tone 4.9 2.2 NA 1.2 1.0 8 
MOPS ox ai5k Riare SR ta tetaraccucre setocerequigccic wieeaieislone 5.6 2.3 NA NA 1.3 NA 


‘ Not seasonally adjusted 


SOURCE: Department of Labor, Bureau of Labor Statistics, and National Science Foundation, special tabulations. 


Table 5-17. Occupational preference of college freshmen, 1968-74 


Percent distribution 


Probable 
career 

occupation 1968 1969 1970 1971 1972 1973 1974 

Ue} laeanccecees coopoECGraars SoDnodonnonDS otacor 100 100 100 100 100 100 100 
Artist (including performer) .........-...sseceeeees 6 6 6 6 7 4 6 
BuSiINeSS yet ee terete nsec een reies 11 11 11 11 11 16 13 
CCIE ON Reese maison ORCEE IG Aenean Sa cbcid cinerea cicne 1 1 1 1 1 1 1 
College tea cheng es ciereys cielstcteverctereioviviciaiee ic'sie's ste ercreve 1 1 1 1 1 1 1 
Doctor (MID or D:DiS))) vires cc atcisiecm sc cic sin ess = cr 4 3 4 4 6 6 5 
Equator. Qyereie cca cisis.c cicisieis/assvstars arepeinie cl caveat 24 22 19 15 12 9 8 
Blementanye ccc. scriavcrstiscstouue cures ereteiiee eroieceusraisperereys 9 9 8 G 6 4 4 
SOCOM AMY 15) oe jakeyssecers c oholetetassicne toler, oleverereneveraie = srecetere 14 13 11 9 7 5 4 
EnginGete ccc cheery acne cicies cin ninte © wre sions hiss ie 8 8 8 5 5 5 5 
Farmer ontOresten= < seme csc ©. sartorerscinin see een ceisier 2 2 2 3 3 3 4 
Health professional (nNon-M.D.) ............-0.000: 4 4 5 6 7 8 9 
[EE WANG) fenisumesapcbanecon Go baanCceseboudantoousncs 3 4 4 4 5 5 4 
NUISO Sorting osc icles eeieiete sos she mace Oe eae oie 3 3 4 4 5 5 5 
Research-scientist: civ.cmrectits cos crc sisteto ts chnerenisons 3 3 3 3 2 3 2 
Otherocclipationy “aanaateerc os os cee eee 20 22 22 24 23 23 26 
Undecided cis hs Sey snare acca uCee ere ne 11 11 12 13 14 1 12 


NOTE: Detail may not add to totals because of rounding 


SOURCE: American Council on Education and University of California, Los Angeles: The American Freshman: National Norms, annual series. 


236 


Table 5-18. Percent distribution of the college majors 
of National Merit Scholars, 1966-74 


Percent distribution 


Field 1966 1967 1968 1969 1970 1971 1972 1973 1974 
TISHE| co Bena Sate BER RRR aS cee eco MS GEESE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Science and engineering ...................- 62:3 63.8 66.6 666 686 681 69.1 683 69.8 
ENnGinGening ssc jo.scne cic aeeties sods cteieols 86 104 10.6 9.9 12.9 9.4 8.5 CHO 2 
SIGIGN COM ciieerrietocioire ieee sicieiwls- sve eres are Ooi oop 00:0)” 56:7 55s 58:37 (6057 5913) 58:6 
Physical and natural sciences ........... SOI2e S06 so/.08 SO:2 SOS GO) = Gao o26 en o2-4 
BhysiGalisGlenGeS) sn. s).eissele.cie.c (cies niece W425 Sis) RRO ss alited| Peniesa a Ost 8.5 8.0 8.9 
(CINGIINISIINY senate paseao onde a Saemecrae 6.0 5.4 44 Sh7/ 4.6 4.0 29 2.6 3.1 
IN SIOS cndduneras sacs san niene Goeoeoon 7.6 7.0 6.9 6.4 6.2 5.0 4.2 4.4 4.4 
Other physical sciences ............. 6 ) ) 1.0 1.7 1.1 1.5 1.0 1.4 
WIFEFSCIGMIGOS wterspere eek torches cre iciowe Hueveresareie srs 6.2 5.2 3.3 4.3 3.2 4.2 41 4.4 4.6 
Mathematics actcnncctascccdsxeccuaene 14.1 1A ere 222 alone oe Ont 10.1 7.8 
Unspecified physical and 
MatlirallSCIENCES) Fact. ciesicsewis sieisic eels orf Chil 9.6 8.5 9.5 OFS) MOSR 1020s ailial 
Rre=MeGICINGMecaasctecpssrss wins ees cietiees 5.2 4.4 5.8 6.4 5.9 ers a> AA aa} 
SOGIANSGCIEMCES: 2a. isc cccisienc cine oo cote WAS) ee) ee aie 1220) e lo2e Onl 15.4 16.1 
All other fields and undecided ............... SG 86!2) 33!4 33:40" S145 3119) 30:9) 23.7 30:2 
Fealth professions) osc. = as << -ccuss so eteesle = 1.5 1.0 9 1.8 1.6 13) 2.5 2.5 1.9 
PALROTMEN EIA Siryerc picreve tere sec te.5s sees ciel oeieis 2415 23:0 26:2 2066, 26:1 26:3" 24:9) | 25:67) 23:5 
Wndecided Rice cin. aacapresceicss eeiicies cer ere 12.1 11.8 4.3 4.0 Sh7/ 41 3.5 3.6 48 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Merit Scholarship Corporation, National Merit Scholarship Corporation Annual Report, annual series. 


Table 5-19a. Bachelor's and first-professional degrees awarded, 
by field, 1960-72 


Science and engineering 


Mathe- All 

Physical matical Life Social other 

Year All fields Total sciences Engineering sciences sciences sciences fields 
OBO rerererccsvei siete a 394,889 120,937 16,057 37,808 11,437 24,141 31,494 273,952 
OD litters citer sists 401,784 121,660 15,500 35,866 13,127 23,900 33,267 280,124 
RG eeensdonas 420,485 127,469 15,894 34,735 14,610 25,200 37,030 293,016 
MOGSt epee cease 450,592 135,964 16,276 33,458 16,128 27,801 42,308 314,628 
NOGA 2 tetecccune ss 502,104 153,361 17,527 35,226 18,677 31,611 50,320 348,743 
IRE Gocaqsaoaae 538,930 164,936 17,916 36,795 19,668 34,842 55,715 373,994 
WSGGR acces 555,613 173,471 17,186 35,815 20,182 36,964 63,424 382,142 
OGLE ee cere: 594,862 187,849 17,794 36,188 21,530 39,408 72,929 407,013 
WOGBY eeieeicecais 671,591 212,174 19,442 37,614 24,084 43,260 87,774 459,417 
ISG) Wonteeosoen 769,683 244,519 21,591 41,553 28,263 48,713 104,399 525,164 
IWS Baesooecacn 833,322 264,122 21,551 44,772 29,109 52,129 116,561 569,200 
IWAL wecneasran ts 884,386 271,176 21,549 45,387 27,306 51,461 125,473 613,210 
MOQ sie tevenssceereiece 937,884 281,228 20,887 46,003 27,250 53,484 133,604 656,656 


SOURCE: National Center for Educational Statistics, Earned Degrees Conferred, annual series, and National Science Foundation, special tabulations. 


Table 5-19b. Percent distribution of all bachelor’s and 
first-professional degrees, by field, 1960-72 


mT 


Science and engineering 


Mathe- All 

Physical matical Life Social other 

Year All fields Total sciences Engineering sciences sciences sciences fields 
ASCO ee eceicrore'ss 100 31 4 10 3 6 8 69 
TOON etieoreee: 100 30 4 9 3 6 8 70 
UCGEE onan cuaeee 100 30 4 8 4 6 9 70 
ICS: nocgsoooeas 100 30 4 Uf 4 6 9 70 
GBS eee recs ciavotansis 100 31 4 7 4 6 10 69 
UGE teocommmoonn 100 31 3 if 4 7 10 69 
icseaonaarentan 100 31 3 6 4 7 11 69 
NOG fates sree oe 100 32 3 6 4 If 12 68 
19GB sessing neice 100 32 3 6 4 6 13 68 
1969) Atecmsecon 100 32 3 5 4 6 14 68 
WOVOWE tse seeecne 100 32 3} 5 4 6 14 68 
WOMAN paoscen ua: 100 31 2 5 3 6 14 69 
NO U2 ie eectortdeta crate 100 30 2 5 3 6 14 70 


NOTE: Detail may not add to totals because of rounding 


SOURCE: National Center for Educational Statistics, Earned Degrees Conferred, annual series, and National Science Foundation, special tabulations. 


Table 5-20a. Enrollment for advanced degrees, by field, 1960-72 


mM 


Science and engineering 


Mathe- All 

Physical matical Life Social other 

Year' All fields Total sciences Engineering sciences sciences sciences fields 

ISO ceoccovlance 314,349 120,638 25,707 36,636 11,770 19,715 26,810 193,711 
WW oss saacscs 338,981 128,794 26,553 39,367 12,671 21,446 28,757 210,187 
1IGE2 cacwbinasudc 373,845 142,433 28,591 43,850 14,121 23,953 31,918 231,412 
UES Gaanboccods 413,366 158,051 30,959 48,917 15,974 26,888 35,313 255,315 
1 Soeamocoone 477,535 178,123 34,061 54,318 18,805 30,787 40,152 299,412 
1G) Goacescosue 535,332 195,346 36,506 57,516 21,014 34,749 45,561 339,986 
IGS gscocccsgne 583,000 207,049 37,950 58,338 23,150 37,007 50,604 375,951 
WAC aeoacnaaeos 649,697 224,468 40,477 62,633 25,066 39,954 56,368 425,229 
NOGS Meerreerenastetayet= 703,745 234,661 40,937 63,662 26,840 41,676 61,546 469,084 
IGE) saceosonve 756,865 243,715 39,885 65,048 29,175 44,203 65,404 513,150 
IO): Sapoocdsage 816,207 252,159 40,113 64,788 30,608 46,260 70,390 564,048 
IG socovencusy 836,294 246,100 38,928 59,321 28,847 47,662 71,342 590,194 
WE séeaccocoger 858,580 242,988 36,047 55,847 28,064 49,118 73,912 615,592 


nn 


SOURCE: National Center for Educational Statistics, Students Enrolled for Advanced Degrees, annual series. 
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Year’ All fields 
TEGO) sooonbaaeod 100 
WIN coosondocwe 100 
UWE scoacesosee 100 
ICES Socogdasgos 100 
URIS ososdatpeoe 100 
IGE) Sosocess5an 100 
IGI89- gooegovoons 100 
UY soongenooite 100 
WEE conavevooce 100 
WEI) enooacsao0s 100 
IEMA). accesses ace 100 
WY scooponaase 100 
WA scqcd¢c00009 100 


‘ Data as of fall terms. 


Table 5-20b. Percent distribution of enrollments for 
advanced degrees, by field, 1960-72 


Science and engineering 


Total 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Center for Educational Statistics, Students Enrolled for Advanced Degrees, annual series. 


Mathe- All 
Physical matical Life Social other 
sciences Engineering sciences sciences sciences fields 
8 12 4 6 9 62 
8 12 4 6 9 62 
8 12 4 6 9 62 
8 12 4 7 9 62 
7 11 4 6 8 63 
9 11 4 7 9 63 
u 10 4 6 9 64 
6 10 4 6 9 65 
6 9 4 6 9 67 
5 9 th 6 9 68 
5 8 4 6 9 69 
5 7 3 6 9 71 
4 7 3 6 9 72 
Table 5-21a. Master’s degrees awarded, by field, 1960-72 
Science and engineering 
Mathe- All 
Physical matical Life Social other 
sciences Engineering sciences sciences sciences fields 
3,387 7,159 1,765 3,751 3,950 54,485 
3,799 8,178 2,238 4,085 4,486 55,483 
3,929 8,909 2,680 4,672 4,956 59,743 
4,132 9,635 3,323 4,718 5,559 64,051 
4,567 10,827 3,603 5,357 5,917 70,851 
4,918 12,056 4,294 5,978 6,589 78,360 
4,992 13,678 5,610 6,666 7,137 102,689 
5,412 13,885 5,733 7,465 9,305 116,092 
5,508 15,188 6,081 8,315 10,333 131,725 
5,911 15,243 6,735 8,809 11,727 145,989 
5,948 15,597 7,107 8,590 12,076 160,069 
6,386 16,347 6,789 8,320 12,782 180,862 
6,307 16,802 7,186 8,914 14,358 199,207 


Year All fields Total 
RIGO Sere eases 74,497 20,012 
NOGW i saisiecciscsarscocer 78,269 22,786 
12s Gaccseccnos 84,889 25,146 
MOG ic. sceicraletesns 91,418 27,367 
IGA pearson cicnsse 101,122 30,271 
IGOR seme 112,195 33,835 
CLS ineeeroncd 140,772 38,083 
WOOT. eine Saas 157,892 41,800 
Tie lets}. erences peer 177,150 45,425 
WOGO? areca. cisiecrsc 194,414 48,425 
ICTAD).. Seonsouoos 209,387 49,318 
NOMA oacystacclerse 231,486 50,624 
NOD Merttn aie aye 252,774 53,567 


SOURCE: National Center for Educational Statistics, Earned Degrees Conferred, and National Science Foundation, special tabulations. 
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Table 5-21b. Percent distribution of all master’s degrees, 


by field, 1960-72 


Science and engineering 


Mathe- All 
Physical matical Life Social other 
Year All fields Total sciences Engineering sciences sciences sciences fields 
UO) Rosa eeceds 100 27 5 10 2 5 5 73 
MOG eee. cists reas 100 29 5 10 3 5 6 71 
NOG Qietee  iitore sci 100 30 5 11 3 6 6 70 
Clos). GaensooocoD 100 30 5 11 4 5 6 70 
NOGA er ceisrscctiar 100 30 5 11 4 5 6 70 
NICLSIS) cdereomibc aos 100 30 4 11 4 5 6 70 
HOGG! syeceveaes 100 27 4 10 4 5 6 73 
NOG Tie eee eee 100 26 3 9 4 5 6 74 
WIGS ee ese scteisaets 100 26 3 9 3 &) 6 74 
Wo Boncuas adds 100 25 3 8 4 5 6 75 
UO cit erercterernsic 100 24 3 iti 3 4 6 76 
ICYAl Raneaceeincs 100 22 3 if 3 4 6 78 
UR is Sanaa 100 21 3 7 3 4 6 79 
NOTE: Detail may not add to totals because of rounding. 
SOURCE: National Center for Educational Statistics, Earned Degrees Conferred, and National Science Foundation, special tabulations. 
Table 5-22. Doctoral degrees awarded, 1965-74 
Science and engineering 
Mathe- All 
Physical matical Life Social other 
Year All fields Total sciences Engineering sciences sciences sciences fields 
Ue eleyraeonasueane 16,340 10,477 2,865 2,073 685 2,539 2,315 5,863 
UGG igs cccsccrcetor et: 17,953 11,456 3,058 2,299 769 2,712 2,618 6,497 
NOG oes ctr he 20,384 12,982 3,502 2,603 830 2,967 3,080 7,402 
W968 Sie eS 22,916 14,411 3,667 2,847 970 3,501 3,426 8,505 
IRS) oessueecone 25,724 15,949 3,910 3,249 1,064 3,796 3,930 9,775 
ISTO Aes Sete 29,475 17,731 4,400 3,432 1,222 4,163 4,514 11,744 
IV Aleesaconcaconc 31,772 18,880 4,494 3,495 1,236 4,533 5,122 12,892 
UC Soe annetncad 33,001 18,940 4,226 3,475 1,281 4,505 5,453 14,061 
MOMS rete mere chy lerete 33,727 18,948 4,016 3,338 1,222 4,574 5,798 14,779 
IGTA® cet codecs 33,000 18,316 3,696 3,144 1,196 4,407 5,873 14,684 


SOURCE: National Academy of Sciences, Doctorate Recipients from U.S. Universities, annual series. 
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Table 5-23a. Women science and engineering doctorate 
recipients, by field, 1965-74 


Mathe- 
Physical Engi- matical Life Social 
Year Total sciences neering sciences sciences* sciences 
IRS seb omesoranoee 744 127 7 50 263 297 
WElay Saeoscehe saan 911 132 8 48 326 397 
ULI sris sn bacans non 1,086 161 9 48 401 467 
NOGS a rececid-cicrasce 1,295 185 12 47 483 568 
WWE) o8s Geo a door 1,472 205 10 56 537 664 
ITA “rseodooougoocue 1,626 243 15 77 538 753 
GYAN caGeeneescauos 1,929 244 16 96 656 917 
WO 2 8. vices isc ystencis cieee 2,101 269 21 96 680 1,035 
ILS agdeswodsurnor 2,446 257 45 119 795 1,230 
I pobesaweadnoce 2,590 260 34 115 784 1,397 
Table 5-23b. Women as a percent of total science and 
engineering doctorate recipients, by field, 1965-74 
Mathe- 
Physical Engi- matical Life Social 
Year Total sciences neering sciences sciences’? sciences 

UWWeble esacane qeeenc 7 4 (‘) 7 10 13 
OGG terete ccis <tc, cssrs 8 4 (1) 6 12 15 
Ie soéecenenposdas 8 5 (@) 6 14 15 
Ute) 28 Ae eso cee 9 5 (‘) 5 14 17 
ISL) Seeds os qootoee 9 5 (1) 5 14 ale 
ICAO, caeoshosadoacd 9 6 (‘) 6 13 aif 
IRA pects snecnctcn 10 5 1 8 15 18 
NO rovererin Nepaye Seton 11 6 1 7 15 19 
US entocdccanoon 13 6 1 10 17 21 
NAN eeveyegcre ae cgettceteys 14 Uf 1 10 18 24 


' Less than 0.5 percent. 
2 Includes environmental sciences. 


SOURCE: National Academy of Sciences, Doctorate Recipients from U.S. Universities, annual series 


Table 5-24. Minority representation among scientists and engineers, 
by field, 1972 


a 


Total 
eee Minorities as percent of total 
engineers All Other 
(thousands) minorities Black Oriental non-white 
WOKE MS Ranoocdcas pee nee are roam eee nic 1,336.5 4.0 1.2 2.4 0.4 
EMCHIMSNS: Goonncounoooasoonncdaneaoes 840.3 3.4 8 2.3 3 
Mathematical scientists ............... Sie 8.3 4.5 3.2 6 
Gomputenscientists) <.-)--ere 1-1-0 112.1 3.5 1.5 5) 5 
LIKE SCHENMMES taadbo0s oo edosaabacuon U2 5:5) st 2.5 1.3 
EhysicalkscientistSe-rtrersr-teracectieicletae 179.8 5.8 1.7 3.8 3 
Social scientists 
and|psy.GhoOloGists! “tec -rrecltttvalel-i-r-s-r= 95.9 4.3 2.5 iss) 3 


a 


NOTE: Detail may not add to totals because of rounding. 


SOURCE: National Science Foundation, special tabulations 


SUPPLEMENTARY COMMENTS 


Dr. Saunders Mac Lane has contributed the following technical comments on the validity of 
the sampling procedures underlying some of the material in Chapter One. While some of the 
questions have been dealt with in the text itself, the National Science Board believes they should be 
presented in their entirety here and expresses its appreciation to Dr. Mac Lane for his observations. 


There are real uncertainties and difficulties in 
interpreting one of the figures and one of the 
tables in Chapter 1. 


Figure 1-7, on page 14, gives the percent 
distribution of scientific literature by selected 
field for each of six countries. As the accom- 
panying text indicates, it is hoped that these 
results will indicate approximately the way in 
which these countries differ in their emphasis on 
various fields of scientific research. However, 
this interpretation depends on whether the data 
are representative. The data came from a count 
of articles, notes, and reviews in a sample of 
2,121 scientific journals. This sample is essen- 
tially the list of journals currently used by the 
Science Citation Index and chosen from ap- 
proximately 26,000 science and_ technology 
journals currently published in the world. 
Clearly the distribution of this data depends on 
the choice of the sample. If ina given country the 
sample over-represents journals in one science, 
say chemistry, then the percentage over- 
represents the emphasis of that country on 
chemistry. At present unfortunately no real 
evidence is available as to whether the sample is 
representative. There is even evidence that the 
sample is not representative as of certain fields. 
One such is mathematics (not represented in 
Figure 1-7). The 2,121 journals include 122 
journals in mathematics. Among them at least 31 
are published in the United States and only seven 
in Russia. This is an unbalanced representation 
because this same report in table 1-6 indicates 
correctly that the U.S. and the U.S.S.R. each 
publish about 30 percent of the total world 
literature in mathematics. Hence any percent 
emphasis of U.S.S.R. on mathematics calculated 
from these data would be wrong. This same 
difficulty may well occur in other fields. 


Page 13 gives a small table of the CITATION 
INDICES of selected scientific literature by 
selected fields. This citation index is a ratio 
calculated from the same 2,121 journals; the 
percentage of all citations in the field which are 
citations of the publications of the country in 
question, is divided by the percentage of articles 
in the field published by that country. These 
citation indices produce a rank order of the six 
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countries in each of the six fields of science. In 
five of these six fields, the U.S. ranks first and 
the U.S.S.R. ranks last, while in four of these six 
fields France ranks next to last. 


Before interpreting these rankings one should 
recognize the limitations of this calculation. In 
the first place, it depends on the representative 
character of the sample of journals used; the 
indications above are that this sample may not be 
representative. Secondly, it depends on citations 
and citations in turn depend on the availability of 
the literature to cite. It is evidently much easier 
to cite a paper written in your own language and 
present in your own university or city library. 
This fact, plus the general use of the English 
language, may have a lot to do with the ranking 
of Russia, since many Russian journals are not 
extensively distributed, many Western scientists 
can’t read Russian, and many Russians may not 
see Western journals. 


| have not been able to quantify these effects. 
However, table 1-7b in the appendix does 
indicate a self-citation index (e.g., Russian 
papers cited in other Russian papers). In each of 
six fields of science Russia has by far the highest 
self-citation index, while in chemistry it is 
outranked only by West Germany and in 
engineering only by France. These indices do 
suggest one possible effect upon citation rates. 


Citation rates also depend on the scientific 
habits of the country in question. For example, 
French science in several fields is remarkable 
because there are relatively few scientists, 
including many of exceptional quality and 
insight; such a small-scale, high quality effort 
would be swamped in a citation index. Moreover, 
much of French scientific publication appears in 
the Comptes Rendus of the French Academy of 
Sciences. Notes published there are limited to 
four pages. This results in many scientific 
papers, each with little room for citations. Sucha 
publication habit, to say nothing of the cen- 
tralization of French science in Paris, means that 
the citation indices may not properly represent 
the balance or quality of French science. 


Saunders Mac Lane, Member 
National Science Board 
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